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Facility Name: Chesapeake Energy Center 

Facility Type: Industrial Landfill Latitude: N36' 45' 48" 

Site Location: Chesapeake, Virginia Longitude: W 76' 18' 10" 

Location Description: The facility is located off Military Highway, along the Southern Branch of the 
Elizabeth River, Chesapeake, Virginia. 

Background: The facility is to serve as an industrial landfill for the disposal of coal ash, in compliance 
with 9 VAC 20-80-10 et. seq. The rate at which the unit is being filled is 162,500 cubic yards per year. 
This number is based on a production rate of 800 tons per day (208,000 tons per year), with all units on 
line and an in-place ash density of 95 pounds per square foot. 

Permit Highlights: The permit was amended by a major permit amendment on February 17, 1993, to 
allow an increase of the fmal elevation from 51 feet to 89 feet above mean sea level and an additional 
222,000 cubic yards of air space. The permit was amended by a major amendment on April 16,2002, to 
incorporate groundwater monitoring modules (Modules X and XI) and a groundwater monitoring plan 
(Permit Attachment X-1). The permit was amended by a minor amendment on August 12,2002 for the 
replacement of monitoring well CECW-4. The permit was amended by a minor amendment on July 28, 
2009 for the replacement of monitoring well CECW-6. The current amendment is for implementing the 
Corrective Action Plan and Groundwater Monitoring Plan Permit Module XIV 

This permit includes permit modules and associated permit attachments that are, in general, based on 
information submitted in the permit application. The General Requirements are incorporated in Permit 
Module I, the Groundwater Corrective Action Plan and associated requirements are incorporated in 
Permit Module XIV. 
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DRAFT 
THIS IS TO CERTIFY THAT: 

Virginia Electric and Power Company (d.b.a. Dominion Generation) 
5000 Dominion Boulevard 
Glen Allen, Virginia 23060 

is hereby granted a permit to construct, operate, and maintain the facility as described in the attached 
Permit Modules I, 11, X, XI, and XIV and associated permit attachments. These Permit Modules and 
Permit Attachments are as referenced hereinafter and are incorporated into and become a part of this 
permit. 

The herein described activity is to be established, modified, constructed, installed, operated, used, 
maintained, and closed in accordance with the terms and conditions of this permit and the plans, 
specifications, and reports submitted and cited, in the permit. The facility shall comply with all 
regulations of the Virginia Waste Management Board. In accordance with Chapter 14, Section 10.1 - 
1408.1@) of the Code of Virginia, prior to issuing this permit, any comments by the local government 
and general public have been investigated and evaluated and it has been determined that the proposed 
facility poses no substantial present or potential danger to human health or the environment. The permit 
contains such conditions and requirements as are deemed necessary to comply with the requirements of 
the Virginia Code, the regulations of the Board, and to prevent substantial or present danger to human 
health or the environment. 

Failure to comply with the terms and conditions of this permit shall constitute grounds for the revocation 
or suspension of this permit and for the initiation of necessary enforcement actions. 

The permit is issued in accordance with the provisions of Section 10.1-1408.1.A, Chapter 14, Title 10.1, 
Code of Virginia (1950) as amended. 

Issued: July 27, 1984 '' . 

Amendment 1 : ~ebru&y 17, 1993 (Major) 
Amendment 2: April 16,2002 (Major) 
Amendment 3: August 12,2002 (Mmor) 
Amendment 4: July 28,2009 (Minor) 

APPROVED: 

Regional Director 

DATE 
Amended (Major) 
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PERMIT MODULES AND PERMIT ATTACHMENTS' 

REFERENCE LIST 

PERMIT MODULE 1-1 GENERAL PERMIT CONDITIONS 

Permit Attachment 1-1 - Variance for Omitting Organic Constituents 

Permit Attachment 1-2 - Variance for Using Alternate Concentration Limits (ACLs) 

PERMIT MODULE X -Phase I Monitoring 

Permit Attachment X-1 Groundwater Monitoring Plan 

PERMIT MODULE Xl -Phase II Monitoring 

PERMIT MODULE XN - CORRECTIVE ACTION 

Permit Attachment X N  - 1 Corrective Action Plan (Including Surface Water Monitoring) 

Permit Attachment XJV- 2 Corrective Action Groundwater Monitoring Plan 

NOTES: 

1. Should information contained in an attachment(s) to any permit module, which consists 
of documents submitted by the permittee, conflict with any requirement or condition set 
forth by the Department in the permit modules or set forth in 9 VAC 20-80-10 et seq; the 
regulatorylpermit module requirement or condition shall prevail (unless an appropriate 
variance has been granted). 

2. The Department is not responsible for spelling, typographical, or syntax errors in 
modules based on information submitted by the Permittee. 

3. As permit attachments are typically extracted from previously submitted information, 
they may contain references to calculations and other supporting data which may be 
omitted from the permit documents. Ail such information submitted in support of the 
application may be found in the Department's files. 
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PERMIT MODULE I 
GENERAL PERMIT CONDITIONS 

I.A. EFFECT'OF PERMIT 

The permittee is allowed to dispose of solid waste on-site in accordance with the 
conditions of this permit. Any disposal of solid waste not authorized by this permit is 
prohibited. Compliance with the terms of this permit does not constitute a defense to 
any order issued or any action brought under Sections 10.1-1402(18), 1 O.l-l402(19), or 
10.1-1402(21) of the Virginia Waste Management Act (Chapter 14, Title 10.1-1400 
through 1457, Code of Virginia (1950), as amended); or any other law or regulation for 
protection of public health or the environment. The provisions of this permit are 
severable, and if any provision of this permit, or the application of any provision of this 
permit to any circumstances is held invalid, the application of such provision to other 
circumstances and the remainder of this permit shall not be affected thereby. For 
purposes of this permit, terms used herein shall have the same meaning as those in the 
Virginia Waste Management Act, and pertinent parts of the Virginia Solid Waste 
Management Regulations (9 VAC 20-80-10 et. seq.), unless this permit specifically 
provides otherwise; where terms are not defined in the regulations or the permit, the 
meaning associated with such terms shall be defined by the generally accepted scientific 
or industrial meaning of the term or a standard dictionary reference. "Director" means 
the Director of the Department of Environmental Quality, or his designated or 
authorized representative. 

I.B. DUTIES AND REOUIREMENTS 

The permittee shall comply with all conditions of this permit and 9 VAC 20-80-10 et. 
seq. The effect of this permit is detailed in 9 VAC 20-80-550, and it shall be the duty of 
the permittee to insure the applicable requirements are met. Additionally, the permittee 
is subject to the recording and reporting requirements detailed in 9 VAC 20-80-570. 
The facility is subject to a groundwater monitoring program per Permit Module X and 
XI and to a corrective action plan and monitoring plan per Permit Module XIV. In 
addition to these requirements, the following additional conditions are invoked per 9 
VAC 20-80-490, and shall be complied with: 

I.B.1. Noncompliance may be authorized by a schedule of compliance 
[subdivisions C and G of 9 VAC 20-80-5501. Any other permit 
noncompliance constitutes a violation of Virginia Waste Management Act 
and is grounds for enforcement action, or for permit revocation, revocation 

s and re-issuance, or modification [9 VAC 20-80-600 and 9 VAC 20-80- 
6201. 
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I.B.2. The permittee shall comply with the requirements of this permit. This 
permit may not act as a shield against compliance with any part of RCRA 
or any other applicable federal regulation, state regulation or state law. 

I.B.3.. In an enforcement action, it shall not be a defense for the permittee that it 
would have been necessary to halt or reduce the permitted activity in order 
to maintain ~o&~l i ance  with the conditions of this permit. 

I.B.4. In the event of noncompliance with this permit, the permittee shall take all 
reasonable steps to minimize releases of solid wastes or waste constituents 
to the enviromnent and shall cany out measures to prevent significant 
adverse impacts on human health or the environment. 

I.B.5. The permittee shall at all times properly operate and maintain all units 
(and related appurtenances) which are installed or used by the permittee to 
achieve compliance with the operations manual and the conditions of this 
permit. Proper operation and maintenance includes effective performance, 
adequate funding, adequate operator staffing, and training, and adequate 
laboratory and process controls, including appropriate quality 
assurance/quality control procedures. This provision requires the 
operation of back-up or auxiliary equipment only when necessary to 
achieve compliance with the conditions of this permit. 

I.B.6. The permittee shall furnish to the Director, within a reasonable time, any 
relevant information which the Director may request to determine 
compliance with the permit, regulations or the Act. The permittee shall 
also h i s h  to the Director, upon request, copies of records required to be 
kept by this permit by the date specified in the request. 

I.B.7. The permittee shall allow the Director, or an authorized representative, 
upon the presentation of appropriate credentials, to: 

I.B.7.a. Enter at reasonable times upon the permitted facility 
where a regulated unit or activity is located or 
conducted, or where records must be kept under the 
conditions of this permit; 

I.B.7.b. Have access to and copy, at reasonable times, any 
records that must be kept under the conditions of this 
permit; 

I.B.7.c. Inspect at reasonable times any unit, equipment 
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(including monitoring and control equipment), practices, 
or operations regulated or required under this permit; 
and 

Sample or monitor, at reasonable times, for the purposes 
of assuring permit compliance or as otherwise 
authorized by Virginia Waste Management Act, any 
substances or parameters at any location within his 
control. 

I.B.8. Samples and measurements taken for .the purpose of monitoring shall be 
representative of the monitored activity. The method used to obtain a 
representative sample to be analyzed must be the appropriate method from 
the latest edition of Test Methods for Evaluating Solid Waste: 
PhysicaWChemical Methods, EPA Publication SW-846, as updated. 

I.B.9. This permit is not transferable to any person, unless approved by the 
Director. The Director may require modification or revocation and re- 
issuance of the permit pursuant to subdivision F of 9 VAC 20-80-550. 
Before transferring ownership or operation of the facility during its 
operational life, the permittee shall notify the new owner or operator in 
writing of the requirements of 9 VAC 20-80-240 and 9 VAC 20-80-480 of 
the Virginia Solid Waste Management Regulations, the Financial 
Assurance Regulations (9 VAC 20-70-10 et. seq.) and this permit. 

I.B.10 All facilities must have a Certified Operator as required by the Board of 
Waste Management Facility Operators-Licensing Regulations, 18 VAC 
155-10 et. seq. . 

I.C. DOCUMENTS TO BE MAINTAINED AT THE FACILITY 

The permittee shall maintain the following documents at the facility, or readily 
accessible to Department representatives, until post-closure is complete and certified by 
a professional engineer, and shall maintain amendments, revisions, and modification to 
these documents: 

I.C.1. Design Plans. 

I.C.2. Operations Manual. 

I.C.3. Closure and Post-Closure Plan. 

I.C.4. Groundwater Monitoring Plan. 
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- 
I.C.5. Corrective Action Plan 

I.C.6. Corrective Action Monitoring Plan 

I.C.7. ' All other documentslrecords required and applicable from the following: 

I.C.7.a. Monitoring records for leachate, gas, and groundwater. 

I.C.7.b. Inspection records as required from construction I 
installation, operational, closure, post-closure inspection 

' requirements. 

I.C.7.c. Personnel training records. 

I.C.7.d. Daily operational records (i.e., solid waste received and 
processed, fill area records, records of special wastes 
accepted, a logbook which is a daily narrative account of 
the activities at the landfill). 

I.D. DOCUMENT SUBMITTALS 

In addition to the documents/recordslreports to be submitted per the requirements of 9 VAC 20- 
80-10 et. seq., and 5 10.1-1410.2.B of the Code of Virginia, and those further described in this 
Permit, the permittee shall also submit to the Director, within the timeframes listed below the 
following regarding post-closure monitoring: 

I.D.l Not less than 180 days prior to the completion of the post-closure monitoring 
and maintenance period as prescribed by the Board's regulations or by the 
Director, the owner or operator shall submit to the Director a certificate, signed 
by a professional engineer licensed in the Commonwealth, that post-closure 
monitoring and maintenance have been completed in accordance with the 
facility's post-closure plan. 

I.D.2 The certificate submitted mider I.D.l, shall be accompanied by an evaluation, 
prepared by a professional engineer licensed in the Commonwealth, and signed 
by the owner or operator, which assesses and evaluates the landfill's potential for 
harm to human health and the environment in the event that post-closure 
monitoring and maintenance are discontinued. 

I.D.3 If the Director determines that continued post-closure monitoring or maintenance 
is necessary to prevent harm to human health or the environment, he shall extend 
the post-closure period for such additional time as the Director deems necessary 
to protect human health and the environment and shall direct the owner or 
operator to submit a revised post-closure plan and to continue post-closure 
monitoring and maintenance in accordance therewith. Requirements for fmancial 
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assurance shall apply throughout such extended post-closure period. 

I.E. REPORTS, NOTIFICATIONS, AND SUBMISSIONS TO THE DIRECTOR 

All reports, notifications, or other submissions which are required by this permit to be 
sent or given to the Director should be sent by certified mail to: 

Director 
Virginia Department of Environmental Quality 
Office of Solid Waste - 5" Floor 
P.O. Box 1105 
Richmond, VA 23218 

Director 
Tidewater Regional Office 
Virginia Department of Environmental Quality 
5636 Southern Blvd. 
Virginia Beach, VA 23462 

I.F. SITE SPECIF'IC CONDITIONS 

The provisions of this section are in addition to the permit conditions and regulatory 
requirements and are specifically developed for this facility. The permittee shall comply 
with all conditions of this section, as follows: 

LF.1. Activities authorized by this permit must comply with all requirements of 
33 U.S.C. ' 1344 and regulations promulgated thereunder, as regards the 
filling of wetlands. 

LF.2. Prior to any new construction, the Erosion and Sediment Control Plan 
shall be approved by the local or state authority. This plan shall be 
implemented and maintained in accordance with the local andlor state 
regulations. 

The permittee shall submit all necessary information required by the 
Virg;lia Department of Historic Resources for preview under Section 106 of 
the National Historic Preservation Act of 1966, as amended from time to 
time, so that potentially affected historic properties can be considered as the 
project is developed. 

The landfill operators must be certified in accordance with the Board of 
Waste Management Facility Operators Rules and Regulations, Title 54.1, 
Chapter 22.1, latest publication. 
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I.G. MAJOR PERMIT AMENDMENTS 

A major permit amendment was issued on February 17, 1993 for vertical expansion of the 
landfill. 

A major permit amendment was issued on April 16, 2002 to establish groundwater 
protection standards and to incorporate a groundwater monitoring plan. 

I.H. MINOR PERMIT AMENDMENTS 

A minor permit amendment was approved on August 12,2002 to replace monitoring well 
CECW-4. 

A minor permit amendment was approved on July 28, 2009 to replace monitoring well 
CECW-6 and update the groundwater monitoring plan. 
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PERMIT ATTACHMENT 1-1 

. 
Variance for Omitting Organic Constituents 
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Variance to the Virginia Solid Waste Management Regulations 
~limination of Organic Constituents from Semi-Annual Sampling 

Virginia Power and Electric Company 
Chesapeake Energy Center Industrial Landfill, Permit No. 440 

In response to a Petition for Variance, submitted by Virginia Power and Electric Company (VEPCO), the 
Department hereby approves a variance from the Virginia Solid Waste Management Regulations 
(VSWhR), 9 VAC 20-80, Appendix 5.6 for the VEPCO Chesapeake Energy,Center Industrial Landfill, 
Permit No. 440. The variance is for the elimination of organic Appendix 5.5 constituents from the semi- 
annual sampling program. The variance specifies the following requirements, as long as the facility is in 
Phase I1 monitoring: 

' The facility shall sample semi-annually for Appendix 5.5 inorganic constituents, as well as any 
additionally detected Appendix 5.1 inorganic constituents. 

The facility shall sample for the entire list of ~ppendi i  5.1 constituents (organic and inorganic) 
every two years. Any additional Appendix 5.1 constituents (organic and inorganic) detected (not 
quantified) shall be added to the semi-annual monitoring list. 

If a& of the conditions outlined ibove are violated in any forqormanner, the variance will be:' 
. ,. . . . :.. ,- .:.. -; .,<.. '". ' X  . . 

withdrawn. . . . .., 
. . . . . . . . . . 
, . . . - . , . . . , . . . . 

41787



PERMIT ATTACHMENT 1-2 

Variance for Using Alternate Concentration Limits (ACLs) 
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Variance to the Vireinin Solid Waste Manaoement Regulations 
Use of Alternate Concentration Limits as Groundwater Protection Standards 

In response to a Petitiori for Variance, submitted by Dominion Generation for the Chesapeake Energy Center 
Industrial landfill, Permit 440, as allowed under 9 VAC 20-80-760.A, the Deparknent hereby grants approval to a 
Variance from Virginia Solid Waste Management Regulations [9 VAC 20-80-300.C.41 limited t o  the conditions 
outlined below: 

11 The Variance approval is for the use of Alternate Concentration Limits (ACLs) as groundwater protection 
standards for the 160 constituents listed below which lack background data, or  a USEPA Maximum Concentration 
Level (MCL): 

1) Acenaphthene, 2) Acenaphthylene, 3) Acetone, 4) Acetonihile I Methyl cyanide, 5) ~ceto~henone,  
6) 2-Acetylaminofluoren I 2-AAF, 7) Acrole'h, 8) Acrylonitrile, 9) A l d ~ ,  10) Ally1 chloride 

11) 4-Ammobiphenyl. 12) Anthracene, 13) Benzo[a]anthracene, 14) Benzo~]fluoranthene 
15) Benzo[k]flouranthene, 16) Beyo[ghi]perylene, 17) Benzyl alcohol, 18) BHC-alpha 

19) BHC-beta, 20) BHC-delta, 21) Bis(2-chlorethoxy)methane, 22) Bis(2-chloroethyl)ether IDichloroethyl ether, 
' 23') Bis(2-chloro-I-rnethylfiy1)ether 12.2-Dichlorodiisopropyl ether, 24) Bis(2.ethylhexyl)phthalate, 

25) Bromochlorornethane I Chlorobromomethane, 26) 4-Bromophenylphenyl ether 
27) Butyl benzl phthalate 1 Benzyl butyl phthalate, 28) Carbon &sulfide, 29) p-Chioroaniline I CChloroaniline, 

30) Chlorobenzilate, 3 1) pChloro-m-cresolI4-Chloro-3-methylphenol, 32) Chloroethane I Ethyl chloride, 
33) 2-Chloronaphthalene, 34) 2-Chlorophenol, 35) 4-Chlorophenyl phenyl ether, 36) Chloroprene, 37) Chrysene, 

38) CobalS.39) Copper, 40) rn-CresolI3-Methylphenol, 41) o-CresolI2-~eth~l~henol, 42) pCresol14-Methylphenol; 
43) 4,4-?DD, 44) 4,4-DDE, 45) 44-DDT, 46) Diallate, 47) Dibenz[a,h]mLkaceni, 48) Dibenzofurzn, 49) Di-n-butyl phthalate, 

50) m-Dichlorobekene / 1,3-Dichlorobenzene, 5 1) 3,3-Dichlorobenzidine, 52) Trans-1,4-Dichloro-2-hutene, 
53) ~ichlorodifluoromethahe 1 CFC-12,54),1,1-Dichloroethane I Ethylidene chloride, 55) 2,4-Dichloropheno~ 

56) 2,6-Dichlorophenol, 57) 1,3-Dichloropropane I Trimethylene dichloride, 58) 2,2-Dichloropropane I Isopropylidene chloride 
59) I,l-Dichloropropene, 60) Cis-1,3-Dichloropropene, 61) Trans-1.3-Dichloropropene, 62) Dieldrin, 63) ~ i e t h ~ l  phthalate, 

64) 0,O-Diethyf 0-2-pyrazinyl phosphorothioate 1 Thionazin, 65) Dimethoate, 66) p-@imethylamino)azobenzene / Azobenzene, 
67) 7,12-DimethylbenLidine[ajqthracene, 68) 3,3-Diethylbenzidi&, 69) 54-Dimethylphenol Im-Xyenol, 

70) Dimethyl phthalate, 7 1) m-Dinitrobenzene, 72) 4,6:Dinitro-o-cresoll4,6-Dinitro-2-methylphenol, 
73) 2.4-Dinitrophenol, 74) 2,4-Dinittotoluene, 75) 2,s-Dinihotoluene, 76) Di-n-octyl phthalate, 77) Diphenylamine, 

78) Disulfoton, 79) Endosulfan I, 80) Endosulfan 4 81) Endosulfan sulfate, 82) Endrinaldehyde, 83) Ethyl methacrylate; 
84) Ethyl methmesulfonate, 85) Famphur, 86) ~louranthene, 87) Fluorene, 88) Hexachlorobutadiene, 89) Hexachloroethane, 

'90) Hexachloropropene, 91).2-Hexanone I Methyl butyl ketone, 92) Isohutyl alcohol I Isahutanol, 93) Isodrin, 
94) Isophrone, 95) Isosafrole, 96) Kepone, 97) Lead, 98) Methacrylonitrile, 99) Methapyrilene, 

100) Methyl bromide 1 Bromomethane, 101) Methyl Chloride1 Chloromethane, 102) 3-Methylcholanthrene, 
103) Methyl Ethyl Ketone / MEK 12-Butanone, 104) Methyl iodide I Iodomethane, 105) Methyl methacrylate, 

106) Methyl methanesulfonatt, 107) 2 hlethylnaphthalenc, 108) Methyl paratiion1 Parathion methyl, 
109) 4-Methvl-2-oentanone 1 Methvl Lsobutvl ketone. 110) Methvlene bromide. I I I )  Nmhthalene - ' , , . , .  

112) 1,4-Naphthoquinone, 113) 1-Naphthylamine, 114) 2-Naphthylamine, 115)Nickel 
116) o-Nihoaniline 12-Nitroaniline, 117) m-Nihoaniline 1 3-Nihoaniline, 1 18) p-Nitroaniline I 4-Nitroaniline, 

1 19) Nitrobenzene, 120) o-Nitrophenol / 2-Nitrophenol, 121) p-Nihophenol/4-Nitrophenol, 
122) N-Nihosodi-n-butylamine, 123) N-Nihosodiethylamine, 124) N-Nitrosodimethylamine, 

125) N-Nihosodiphenylamine, 126) N-Nihosodipropylamine I Di-n-propylnitrosamine, 
127) N-Nitrosomethylethylamine, 128) N-Nitrosopiperidhe, 129) N-Nitrosopyrrolidine, 130) 5-Nitro-o-toludidine, 

13 1) Parathion, 132) Pentachlorobenzene, 133) Pentachloronitoberuene, 134) Phenacetin, 135) Phenanthrene, 
136) Phenol, 137) p-Phenylenediamine, 138) Phorate, 139) Pronamide, 140) Propionitrile /Ethyl cyanide, 141) Pyrene, 

142) Safrole, 143) Silver, 144) Sulfide, 145) 1,2,4,5-Tetrachlorobenzene, 146) 1,1,1,2-Tetrachloroethane, 
147) 1,1,2,2-Tetrachloroethane, 148) 2,3,4,6-Tetrachlorophenol, 149) Th ,  150) o-Toluidine 12-Methylmiline, 

151) Trichlorofluorornethane I CFC-11, 152) 2,4,5-Trichlorophenol, 153) 2,4,6-Trichlorophenol, 
154) 2,4,5-Tnchloro-phenoxyacetic acid, 155) 1,2,3-Trichloropropane, 156) O,O,O-Triethyl phosphorothioate, 

157) (syn) 1,3,5-Trinitrobenzene, 158) Vanadium, 159) Vinyl acetate, 160) Zinc 
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21 Establishnient of an ACL for use as groundwater protection standards for any constituent not listed above will 
require the submittal and review of a separate Variance Petition. 

31 If a Maximum Contaminant Level (MCL) is promulgated under Section 1412 of the Safe Drinking Water Act 
(Part 141, Title 40, Code of Federal Regulations) for any of the constituents listed above, the newly promulgated 
MCL will supercede the ACL as the groundwater protection standard, and Variance approval for the use of the ACL 
shall be withdrawn. 

41 For those constituents listed above, when REAMS-based ACL concentration values change as a result of 
modifications to the toxicity or health risk data used by USEPA, the revised ACL concentration value shall 
immediately replace the outdated concentration value and the Permittee will not be required to go through the 
Variance process before implementing the revised value. However, nothing within this Variance shall restrict the 
Permittee from filing a Variance for use of revised ACL concentration values if helshe so chooses. 

51 Updated REAMS-based ACL values will be released twice a year by the Department on June 30" and December 
3om of each calendar year and it will be the responsibility of the facility to check for the most recent updates and - 
incorporate any revised ACL values when performing comparisons against GPS. 

61 For those constituents Sited above that have an ACL concentration value of zero, or have an ACL concentrition 
value whichis lower than the laboratory's L i t  of Quantitation (LOQ), the LOQ shall act as the groundwater 
protection standard (GPS) for the purposes of performing statistical comparisons, only. 

APPROVAL 

The Director hereby grants autho&atipn to the Petitioner to use the above-listed ACL's as groundwater 
protection standards (GPS) at the Chesapeake Energy Center Industrial Landfill. 

If any of the conditions outlined above are violated in any form or manner, the Director's approval of 
this Variance shall be immediately withdrawn. 

APPROVED: h d u  
Debra A. Miller, Director 
Office of Solid Waste 
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Table XI - 1 
Groundwater Protection Standards with ACL's 

Facility Name: Chesapeake Energy Center Industrial Landfil 
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phosphorothioate- 7 Thionazin I I I I 
Dimethoate 60-51-5 3.13 1 pg/l I ACL 
n- 1Dimethvlamino) azobenzene / 1 60-11-7 I (0)' 1 ~ i d l  I AcL 

lsopropylidene chloride 
1,l-~ichloropropene 
cis-1,3-~ichloropropene' 
Trans-1,3-Dichloropropene 
Dieldrin 
Diethyl phthalate 
0, 0-~iethvl 0-2-pyrazinyl 

563-58-6 
10061-01-5 
10061-02-6 
60-57-1 
84-66-2 
297-97-2 ,~ 

- ~ . 
Azobenzene 
7,12-Dimethylbenz [a] anthracene 
3,3-Dimethylbenzidine 
2,4-Dimethylphenol / m-Xyenol 
Dimethyl phthalate 
m-Dinitrobenzene 

(O)* 
(0)' 
(o)* 

0.004 
12,520 

(O)* 

57-97-6 
119-93-7 
105-67-9 
131-11-3 
99-65-0 

!dl 
pg/1 
W / l  
W J / ~  
pg/l 
pg/l 

0.0003 
(o)* 
313 
(0)' 

1.565 

ACL 
ACL 
ACL 
ACL 
ACL 
ACL 

pg/l 
W/l 
pg/l 
eg/l 
pg/l 

ACL 
ACL 
ACL 
ACL 
ACL - 
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p-Nitrophenol I 4-Nitrophenol 
N-Nitrosodi-n-butylamine 
N-Nitrosodiethylamine 
N-Nitrosodimethylamine 
N-Nitrosodiphenylamine 
N-Nitrosodipropyl'amine / 

62-44-2 30.4 pg/l ACL 

(o)* 
. 0.002 

0.0004 
0.0013 
. 13.7 
0.01 

100-02-7 
924-16-3 
55-18-5 
62-75-9 
86-30-6 
621-64-7 

Phenanthrene 
Phenol 
p-Phenylenediamine 
Phorate 
Pronamide 
Propionitrile I Ethyl cyanide 

pg/l 
pg/l 
pg/l 
pg/l 
pg/l 
pg/l 

85-01-8 
108-95-2 - 
106-50-3 
298-02-2 
23950-58-5 
107-12-0 

ACL 
ACL 
ACL 
ACL 
ACL 
ACL 

(0 ) *  
4,695 
2,973 
(0 I* 

1,173 
(0)' 

llg/l 
pg/l 
pg/l 
pg/1 
!x/l 
pg/L 

ACL 
ACL 
ACL 
ACL 
ACL 
ACL 
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standards set for drinkinq water under the Safe Drinkinq Water - - 
Act. 
MCLa > USEPA MCL "action level" (non-risk based), used as ACL for 
Lead. 
If a revised MCL is promulgated by EPA for any constituent on 
this listing, the new MCL shall imrnediately,be adopted as the 
groundwater protection standard. 
ACL > Alternate Concentration Limits (risk-based). In those 
cases where the ACL value listed in this table is found to be 
less than the laboratory Limit of Quantitation (LOQ) for the 
constituent, the LOQ shall serve as the "ACL" for statistical 
comparison purposes. 
For facilities which obtained an approved state-wide ACL variance 
in 2007, or an initial Variance in 2007; when REAMS-based ACL's 
are revised in the future based on new EPA toxicity and/or health 
risk criteria, those ACL's shall immediately be adopted for use as 
the groundwater protection standard (GPS). The facility shall 
check for ACL updates at least twice a year on June 30th and 
December 31" of each calendar year. 
For facilities which desire to use non REAMS-based ACL values, the 
use of those ACL's as GPS mustbe amroved via the Variance 

A ~ ---. 

procedure.outlined in the VSWMR. 
BKG > Site specific background concentration data, as approved by -- - 
UKy. 
pg/l > micrograms per liter (parts per billion). 
( 0 ) *  > Indicates those constituents which have no established 
ACL. In cases such as these, the laboratory Limit of 
Quantitation (LOQ) for the constituent shall serve as the "ACL" 
for statistical comparison purposes. . . 

CAS RN > Chemical Abstracts Service Registry Number. 
Shaded Rows (if anv) denotethose aroundwater constituents for 
which ~roundwater &otection standards are set as MCL1s. 
The MCL for the Trihalomethane group is a cumulative number of 80 
ppb, for one, two, or all of the constituents. 
A GPS exceedance is 1 )  an 2) an 3) site 4) the lab 
triggered for a MCL ACL specific LOQ, when 
sampling event when background MCL, BKG, or 
there is a statistical ACL is 
exceedance of: unavailable 
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PERMIT MODULE - X 

PHASE 1 MONITORING 
9 VAC 20-80-300.A and C.3 

Phase 1 mohitoring is designed to ensure the earliest possible recognition of a leachate 
release from a regulated solid waste management unit (SWMU). 

X.A. GROUNDWATER COMPLIANCE POINT 

X.A.l Uppermost Aquifer 
The compliance point for groundwater monitoring is the uppermost aquifer on site 
[9 VAC 20-80-300.A.2.al. The uppermost aquifer encompasses the entire 
thickness between the first encounter with groundwater (not to include any 
perched water) and the first encounter with a confining unit forming the lower 
boundary of the uppermost aquifer [9 VAC 20-80-300.A.3.f.(1).(b)]. 

X.A.2 Monitoring Well Locations 
All wells in the monitoring network shall be installed within the permitted facility 
boundary [9 VAC 20-80-770.A], screened within the uppermost aquifer, and 
located at, or as close as practical to, the SWMU boundary [9 VAC 20-80- 
300.A.3.al unless a variance meeting the requirementsof 9 VAC 20-80-770.B has 
been granted. No monitoring well serving the function defined under 9 VAC 20- 
80-300.A.3.a can be located more than 500 feet away fiom the SWMU boundary 
[9 VAC 20-80-770.~1. 

X.B. MONITORMG NETWORK REOUIREMENTS 

X.B.l Performance Standards 

X.B.1.a The Permittee shall install a groundwater monitoring network that 
meets the requirements of 9 VAC 20-80-300.A.2 and A.3. 

X.B.1.b All wells utilized in the monitoring network shall at a minimum 
meet the requirements of 9 VAC 20-80-300.A.3.c and f(1). 

X.B.1.c Any wells that require abandonment shall be sealed and abandoned 
in accordance with existing EPA Resource Conservation and 
Recovery Act guidance as well as any applicable state or local 
requirements. 

X.B.1.d If any wells require replacement due to non-performance, the 
Permittee shall: 
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B l e ( 1 )  Within 30 days of recognizing the non-perfonfmnce, 
notify the Department of the need to replace the 
non-performing well. Within that notification, n 
provide for Department review [9 VAC 20-80- 
570.C.11, the proposed location for the new well 
shown on a site plan. 

X.B.l.e.(2) Install the replacement well, prior to the next 
regularly scheduled groundwater sampling event 
unless the Director has granted an extension to 
meeting the monitoring system compliance 
requirements under 9 VAC 20-80-300.A.3.a. 

X.B.2 Operations and Maintenance 

The Permittee shall operate and maintain all wells in the monitoring network in a 
manner meeting the requirements of 9 VAC 20-80-300.A.3.e. 

X.B.3 Well Designations. 

At a minimum, the monitoring network installed shall meet the requirements of 9 
VAC 20-80-300.A.3.f.(2). The following wells are included in the monitoring 
network: 

X.C AQUIFER INFORMATION 

X.C.l Aquifer Data Acquisition - Requirements and Response 

X.C.1.a Static groundwater elevations shall be: 

X C l a ( 1 )  measured in all monitoring wells in a manner that 
meets the requirements of 9 VAC 20-80-300.A.4.c. 

X.C.l.a.(2) measured to an accuracy of 0.01 foot. 

X.C.l.a.(3) obtained from all wells in the network yithin a 
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single 24 hour period to avoid temporal 
variations/fluctuations in the groundwater table. 

X.C.1.b Each time groundwater is sampled on site, the Permittee shall 
determine the groundwater flow rate and direction [9 VAC 20-80- 
300.A.4.cI in the uppermost aquifer using methods accepted for 
use in EPA RCRA programs. 

X.C.1.c The Permittee shall evaluate. the function of each of the wells 
included in the monitoring network using the static groundwater 
elevation data obtained each time groundwater is sampled. If the 
evaluation shows that one or more of the monitoring well(s) no 
longer functions in a manner that meets the requirements of 9 VAC 
20-80-300.A.3.e, the Permittee shall: 

Within 30 days of recognizing the non-performance, 
notify the Department of the need to modify the 
number, location, or depth of the monitoring wells, 
and provide for Department review, proposed 
locations for new (replacement) monitoring wells 
keyed to a site plan. 

Complete additions or modifications to the network, 
prior to the next regularly scheduled groundwater 
sampling event, unless an extension has been 
granted by the Director for meeting the monitoring 
system compliance requirements under 9 VAC 20- 
80-300.A.3.a. 

X.D. SAMPLING REQUIREMENTS 
The Permittee shall meet the following: 

X.D.l Field sampling and laboratory procedures shall at a minimum meet the 
requirements of 9 VAC 20-80-300.A.4.a. 

X.D.2 Sampling and analytical methods shall at a minimum meet those set forth in 
EPA SW-846 as amended [9 VAC 20-80-300.A.4.bI. 

X.D.3 Samples shall not be filtered prior to analysis. 
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X.D.4 The Permittee shall sample the groundwater for the Phase 1 parameters 
referenced under 9 VAC 20-80-300.C.3.a. 

X.E SAMPLING FREQUENCY 

X.E.1 Unless otherwise required when sampling to determine background for the 
Phase 1 [9 VAC 20-80-300.C.3.bI program, the Permittee shall, during the 
active life and post-closure care periods. sample and analyze all monitoring 
wells on at least a semi-annual basis [9 VAC 20-80-300.C.3.cI. 

X.E.2 The length of the semi-annual sampling period shall meet the requirements of 9 
VAC 20-80-10. 

X.F DETERMINATION OF BACKGROUND 

X.F.l The Permittee shall establish site background values for all Phase 1 
parameters in a manner consistent with the requirements of 9 VAC 
20-80-300.A.4.d through f and timeframes of 9 VAC 20-80- 
300.C.3.b. 

X.G. STATISTICAL PROCEDURES 
When evaluating the groundwater sampling event results, the Permittee shall: 

X.G.1 use a statistical test meeting the requirements of 9 VAC 20-80-300.D. 

X.G.2 within 30 days of completion of the laboratory analysis for each sampling event 
[9 VAC 20-80-300.A.4.h.(2)], determine whether or not there is a statistically 
significant increase (SSI) over site background for each monitoring constituent 
using a method meeting the requirements of 9 VAC 20-80-300.A.4.h.(l) and 
300.A.4.g. 

X.G.3 For the purpose of this Permit, laboratory analysis is considered complete upon 
issuance of the analytical report under laboratory signature. 

X.G.4 Statistical comparisons are not required during the first year of Phase 1 
monitoring [9 VAC 20-80-300.C.3.d.(1)]. 

X.G.5 Statistical comparisons during the Phase 1 monitoring program shall consist of 
both interwell and intrawell analysis [9 VAC 20-80-300.C.3.d.(1)]. 

X.H ADDRESSING BACKGROUND EXCEEDANCES 
If the statistical comparisons required under the monitoring program show no 
exceedances, the Permittee shall continue monitoring groundwater within the current 
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program [9 VAC 20-80-300.C.3.d.(1).@)1. 

When a Permittee has determined there has been an exceedance over Phase 1 site 
'background for one or more of the monitoring parameters, the Permittee shall: 

X.H.l u15on the end of the 30-day SSI determination period allowed by 9 VAC 20-80- 
300.A.4.h.(2), notify the Director within the timeframes of 9 VAC 20-80- 
300.C.3.d.(l).(a) concerning upgradient wells and 9 VAC 20-80- 
300.C.3.d.(l).(c) concerning downgradient wells. The notification shall 
indicate which groundwater monitoring parameters have shown statistically 
significant increases over background and describe whether the Permittee shall: 

X.H.1.a initiate Phase 2 monitoring described under 9 VAC 20-80-300.C.4 
within the timeframes of 9 VAC 20-80-300.C.3.d.(4), unless 
allowed to enter the Modified sampling program'under 9 VAC 20- 
80-300.C.4.b.(4) 

X.H.1.b submit an Alternate Source Demonstration [9 VAC 20-80- 
300.C.3.c.(2)] meeting the content requirements and timeframe of 
9 VAC 20-80-300.A.5. Unless Director approval of the 
demonstration is obtained, the Permittee shall follow the 
requirements and timeframes of 9 VAC 20-80-300.C.3.c.(3) and 
d.(4). 

X.I. RECORD-KEEPING REOUIREMENTS 
The Permittee shall retain all records identified under 9 VAC 20-80-300.E.1 as well as 9 
VAC 20-80-570.B.1 and B.2 throughout the active life (including closure) and post- 
closure care period. 

The records shali be retained at the facility or another location approved by the Director. 

X.J REPORTING REOUIREMENTS 

X.J.l Annual groundwater reuorts containing at a minimum the content described 
under 9 VAC 20-80-300.E.2.b, shall be submitted to the Director no later than 
March 1'' of each calendar year. 

X.J.2 Semi-annual groundwater evaluations containing at a minimum, the 
groundwater flow rate and direction determinations required under 9 VAC 20- 
80-300.A.4.c and the results of the statistical comparisons required under 9 
VAC 20-80-300.C.3.d.(l) shall be submitted to the Department within 180 
days of each semi-annual (or quarterly) sampling event. 

X.J.3 While background is being established, the Permittee shall report to the 
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Director, within 15 days of receipt of the data from the laboratory, the 
laboratotv analytical results [9  VAC 20-80-300.E.2.aI for each background 
sampling event. 

The Permittee shall report to the Deparhnent established background for the 
Phase 1 and Phase 2 programs, shall report re-established background due to 
the installation of new monitoring wells, and shall report re-established 
background due to a change in sampling technique in accordance with 9 VAC 
20-80-300.E.2.a. 

Within 44 days of well completion, the Permittee shall supply the Director a 
Well lnstullution Reuort containing the well number, surveyed elevation, 
boring log, casing length, total depth, and a completion diagram for each 
monitoring well, along with a certification from a qualified groundwater 
scientist that the monitoring wells have been installed in accordance with the 
submitted plans [9 VAC 20-80-300.A.3.d; 300.A.3.f.(3), and 300.E.l.cI. 

Within 44 days of well abandonment, the Permittee shall supply the Director a 
Well Abandonment Report containing information including field methods 
utilized, and a certification from a qualified groundwater scientist verifying the 
well abandonment activities met all applicable requirements [9 VAC 20-80- 
300.E.l.cI. 

X.K NOTIFICATION REQUIIU3MENTS 

X.K.1 Backpound SSI Notifications shall be submitted t o  the Director within the 
timeframes noted under 9 VAC 20-80-300.A.4.h.(2) and C.3.d.(l).(c). 

X.K.2 Well Non-Performance Notifications shall be submitted to the Director within 
30 days of recognizing the non-performance of one or more wells in order to - 
meet 9 VAC 20-80-570.C.1 through 3. 

X.L. MISCELLANEOUS ALLOWANCES 

Altemate Site Background. The Permittee may request the Director allow site 
background to be developed using wells that are not hydrologically upgradient 
of the SWMU as long as the request addresses the technical criteria contained 
under 9 VAC 20-80-300.A.4.e, and is certified by a qualified groundwater 
scientist. Until such time as Director approval is obtained, background shall 
be determined by sampling wells which are upgradient of the SWMU and meet 
the requirements of 9 VAC 20-80-300.A.3.f.(2). 

Altemate Statistical Method. The Permittee may request the Director allow the 
use of an Altemate Statistical Method as long as the Permittee can demonstrate 
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the alternate method can meet the technical criteria defined under 9 VAC 20- 
80-300.D.2. Until such time as Director approval is obtained, the statistical 
test(s) applied to site groundwater data shall be one from 9 VAC 20-80- 
300.D.l.a through d. Whichever method is approved for use at the site, the 
method shall be listed in the facility Groundwater Monitorinp Plan as required 
wider 9 VAC 20-80-300.A.4.g. 

Verification Sampling. The Permittee, at any time within the 3 day statistical 
determination period defined under 9 VAC 20-80-300.A.4.h.(2), may obtain 
verification samples if the initial review of analytical data suggests results 
which might not he an accurate reflection of groundwater quality. 
Undertaking verification sampling is a voluntary action and shall not alter the 
timefiames associated with determining or reporting a statistically significant 
increase as otherwise defined under 9 VAC 20-80-300.A.4.h.(2). 

Data Validation. The owner or operator may at any time within the 30 day 
statistical determination period defined under 9 VAC 20-80-300.A.4.h.(2), 
undertake third-party data validation of the analytical data received from the 
laboratory. Undertaking such validation effort is a voluntary action and shall 
not alter the timeframes associated with determining or reporting a SSI as 
otherwise defined under 9 VAC 20-80-300.A.4.h.(2). 

X.M. MISCELLANEOUS DEMONSTRATIONS 

X.M.l To address an exceedance which is the result of something other than a release 
of solid waste constituents from the SWMU, the Permittee may submit a 
report entitled Alternate Source Demonstration, certified by a qualified 
groundwater scientist, for review by the Director within 90 days of providing 
the SSI notification unless the submission and approval timeframe has been 
extended by the Director for good cause [9 VAC 20-80-300.A.51. 

X.M.1.a If a successfhl demonstration of an alternate source for the noted 
increase is made by  the Permittee and approved by the Director 
within the 90 day timeframe, the Permittee may continue in the 
Detection monitoring program as defined in this Permit Module. 

X.M.l.b If a successfhl demonstration of an alternate source for the noted 
increase is not made by the Permittee within the 90 day timeframe, 
the Permittee shall take actions required under 9 VAC 20-80- 
300.C.3.d.(4) under the Regulatory timekames unless an extension 
has been granted by the Director. 

X.M.2 The Permittee may submit to the Director, a Multi-unit Groundwater 
Monitoring Svstem Demonstration containing the content defined under 9 
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VAC 20-80-300.A.3.b and certified by a qualified groundwater scientist, to 
demonstrate that the implementation of such a monitoring system is equally or . 
more protective of human health and the environment as an individual system. 

X.M.2.a If a successll demonstration is made and approved by the 
Director, the Permittee may discontinue use of individual 
monitoring systems and institute the monitoring of a multi-unit 
system. 

X.M.2.b If a successful demonstration is not made, the Permittee shall 
initiate (or continue) to monitor individual networks under 
Detection monitoring. 

X.M.3 The Permittee may request the Director suspend goundwater monitoring 
requirements by submitting a No-Potential-Mimtion Demonstration, 
certified by a qualified groundwater scientist, meeting the technical 
requirements of 9 VAC 20-80-300.A.l.c. Groundwater monitoring activities 
shall continue pursuant to this Module while the request is evaluated by the 
Director. 

X.M.3.a If a successful demonstration is made and approved by the 
Director, the Permittee may suspend groundwater monitoring 
actions. 

X.M.3.b If a successful demonstration is not made, the Permittee shall 
continue monitoring as required under 9 VAC 20-80-300.C.3. 

X.N MODULE ATTACHMENTS 

As required under 9 VAC 20-80-520.C, the Permittee shall have an Operations Plan that 
includes detailed instructions concerning groundwater monitoring [9 VAC 20-80- 
520.C.2.aI. These detailed groundwater monitoring instructions shall at a minimum cover 
the items listed under 9 VAC 20-80-300.A.4.a. The document containing these 
instructions, called the Groundwater Monitorinn Plan, shall be attached as Attachment 
X-1 to this Module. 

It shall be the responsibility of the Permittee to update this Plan as needed, which may 
include a Permit amendment action as defined under 9 VAC 20-80-620.A through F, if 
changes to the monitoring program have taken place since original Plan development. 

X.0 LIMITATIONS 
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Solid waste shall not be deposited in or permitted to enter any surface waters or 
i 

, groundwater [9 VAC 20-80-25O.C.10]. 

The groundwater monitoring and reporting requirements set forth here are minimum 
requirements. The Director may require, by amending the Permit, any owner or operator 
to install, operate, and maintain a groundwater monitoring system and program that 
contains requirements more stringent than those of the Virginia Solid Waste Management 
Regulations whenever it is determined that such requirements are necessary to prevent 
significant adverse effects on public health or the environment [9 VAC 20-80-300.A.2.cI. 

Should information contained in any Permittee authored attachment to this Module 
conflict with any requirement or condition contained herein, or language found within 9 
VAC 20-80-10 et seq., as amended; the Module condition andlor Regulatory requirement 
shall prevail over the language in the Permittee supplied attachment [see 9 VAC 20-80- 
60.D and 550.E] unless it can be demonstrated that a Variance froom that regulatory 
requirement has been granted by the Director under 9 VAC 20-80-730 et seq. 

When the Permittee recognizes a failure to submit any relevant facts or has submitted 
incorrect information in any groundwater monitoring report to the Director, he shall, 
within 7-days, promptly submitted such omitted facts or the correct information with a 
full explanation [9 VAC 20-80-570.E]. 
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1.0 TRANSMITTAL LETTER 

This Groundwatir Monitoring Plan was dcvcloped and reviewed by a Profcssional Groundwater 
Scientist and will be managed to comply with current VA Solid Waste Regulations 9VAC 20-80- 
300. 

CERTIFICATION STATEMENT 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
propcrly gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
infom~ation, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete. I aln aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

Signature: 

Printed Name: 

2.0 GROUNDWATER MONITORING PROGRAM 

2.1 Sitc Location Information 

The CEC Industrial Landfill is located at 2701 Vcpco Street, in Chcsapcakc, Virginia, 
approximately eight miles west of Virginia Beach and scvcn miles south of thc City of 
Norfolk. The facility is located on an inverted L-shaped peninsula measuring approximately 
6,000 feet (ft) from north to south and 1,200 to 4,000 ft from west to east (Figure la). The 
Facility is located north of and inside thc Interstate 641664 bcltway, which encirclcslconnects 
Chcsapeakc, Norfolk, Portsmouth, and Hampton, Virginla. Thc Facility is bounded to the 
north by thc Norfolk and Western rail line and Military Highway (Route 131460), to the east 
by the Southern Branch of the Elizabeth River (SBER), and to the west by a non-contact 
cooling water discharge channel. The peninsula, on which the facility is situated, is surrounded 
by the SBER, Decp Creek, and a cooling water discharge canal on its eastern, southern, and 
westcm flanks, respectively. The CEC Power Station general layout is presented as F iyrc  l b  
to illustrate the relationship of the landfill to the power station. 
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The landfill encompasses approximately22.25 acres. The ground surface is relatively flat and 
ranges from approximately elevation 5 to 12 ft mean sea level (msl) (with the exception of the 
landfill). 

2.2 Description of the Uppermost Aquifer 

CEC is located within the Atlantic Coastal Plain physiographic province, approximately 75 
miles east of the Fall Line, which separates the Coastal Plain from the Piedmont physiographic 
province. Altitudes in the vicinity of the Facility range from 0 to 25 ft above msl. Extensive 
drilling has been conducted on site for purposes of geotechnical study and monitoring well 
installation. A geotechnical study was undertaken by Dominion Generation in 1999 for 
purposes of evaluating the suitability of the site for vertical expansion. The study employed 
test borings and laboratory analysis to characterize site geology. Applicable sections of the 
geotechnical study report dated October 28, 1999, are included in Appendix A. 

Locally, based on published geologic literature and boring logs, the geologic stratigraphy fiom 
the ground surface down consists of existing fill, recent alluvial deposits, the Norfolk 
Formation, and the Yorktown Formation. The clayey sands of fill were used to construct the 
inner and outer perimeter dikes surrounding the former ash pond/landfill. Alluvial deposits 
consist of Holocene alluvium, sand, and marsh sediment representing an estuarine-beach, tidal 
marsh depositional environment and are described as fluvial silt, sand, and clay with organic 
material (peat). The Pliocene Norfolk Formation represents a fluvial estuarine and brackish 
marine depositional environment and is described as silty sand. The Pliocene Yorktown 
Formation is a bluish-gray, greenish- and dark greenish-gray, very fine to coarse sand, in part 
glauconitic and phosphoric, commonly very shelly and interbedded with sandy and silty clay 
(Powars, 2000). 

The hydrogeologic framework of the shallow aquifer system in the vicinity of the Facility is 
composed of the Columbia Aquifer, the Yorktown Confining Unit, and the Yorktown-Eastover 
Aquifer. The Columbia Group water table aquifer is the uppermost aquifer present beneath the 
landfill. The Columbia Group Aquifer is unconfined; however, clayey fine sand, silt, clay, and 
peat deposits within the aquifer cause local confined to semi-confined conditions in some 
areas (Smith and Harlow, 2001). The depth to groundwater in wells surrounding the landfill 
typically varies between 4 and 13 feet, depending on well location. Under the site, the 
thickness of the Columbia Group aquifer intercepted by the monitoring wells ranges between 
approximately 20 and 35 feet (note: the monitoring wells used in the program do not extend to 
the base of the Columbia Group aquifer). 

The Yorktown Confining Unit is defined as a series of coalescing clay layers at or near the top 
of the Yorktown Formation. The principal water-bearing zones within the Yorktown 
Formation occur within 50 to 100 feet of its surface. The Yorktown-Eastover Aquifer is 
defined as the predominantly sandy deposits of the Yorktown Formation and the upper part of 
the Eastover Formation above the confining clays of the St. Mary's Formation (Meng and 
Harsh, 1988). 

Chesopeoke Energy Cenler Page 2 

41811



Groundwafer Monitoring Plan 
Chesaoeake Enerw Center 

The landfill is constructed on a peninsula and groundwater flow tends to be radial from the 
landfill to the west, south, and east. To the north, the groundwater gradient appears relatively 
flat. Accordingly the wells used as "upgradient" wells are located several hundred feet to the 
northwest of thE: landfill and do not relate to the groundwater gradient at the facility. Although 
groundwater movement through the unconfined and confined aquifers is generally lateral with 
discharge into surrounding water bodies including the SBER and Deep Creek, some 
groundwater movement also occurs vertically from confining units into deeper confined 
aquifers. 

Hydraulic conductivity values of the uppermost aquifer have been determined using slug tests 
to be 6.48 x lo4 Wmin. The hydraulic gradient in the vicinity of well PO-10 has been 
measured at approximately 0.02 Wft. The calculated groundwater flow rate under the landfill 
is typically around 29 Wyr. 

Figure 2 provides an interpreted Groundwater Contour Map. The USDA Soil Survey classifies 
the soils in the immediate vicinity of the Chesapeake Energy Center Landfill as primarily 
Udorthents-Urban land complex surrounded by small areas of Muden fine sandy loam, 
Tomotley-Nirnmo complex, and dragson fine sandy loam. A copy of the USDA Natural 
Resource Soil Survey Map is provided as Figure 3. 

2.3 Groundwater Monitoring Plan Sheet 

Figure 2 displays the relationship of the landfill's topography, well locations, and the 
groundwater topography. The table below provides the surveyed elevations. 

WELLS MW- MW- CECW- 

Top of 14.12 14.43 22.94 

W W  
Elevation 

Depth of 14.5 14.5 27.4 
Borehole 
- (in 

Screened 
Interval 
in feet 

CECW- 
2 

23.35 

25 

CECW- 
5 

21.87 

- 
26 
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PO- 
10 

7.49 

10 

5 

CECW- 
61 

22.12 

34 

5 

PO-8 

14.68 

16 

5 

PO- 
9 

9.99 

10 

5 
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2.4 Design of the Groundwater Monitoring System 

General: 
The following well network exists at the facility and has been deemed by DEQ as acceptable. 
There are a sufficient number of background and downgradient wells that are screened at 
appropriate depths to account for spatial variability in the aquifer. The downgradient wells are 
spaced appropriately for intersection of laterallhorizontal groundwater flow. Each well is 
inspected every sampling for damages or unusual conditions and noted on the Monitoring Well 
Field sheet. 

CECW-5, CECW-61, PO-8, PO-9, PO-10, PO- I ,, 

Upgradient 
(Background) Wells 
Downgradient Wells 

Horizontal Placement: 
The downgradient wells are placed as close to the proposed landfill as is practical and, based 
on the groundwater contours, at a point where a release would be detected. The background 
wells are placed several hundred feet to the northwest of the landfill and do not relate to the 
groundwater gradient at the facility. This is necessary because there is no location truly 
upgradient of the landfill. 

MW-4R, MW-5 

CECW-I, CECW-2, CECW-3, CECW:~, 

Vertical 
All monitoring wells have been drilled and completed to monitor the surficial or water table 
(Columbia Group) aquifer. 

Screen Interval Placement: 
Monitoring well screens are typically either five or ten feet in length, and placed to intercept 
the top of the Columbia Group aquifer. The rationale for this screen placement is to intercept, 
with minimal dilution, contaminants which may be entering groundwater from the facility. 
Also, at least five feet of screen is considered necessary to minimize velocities through the 
screen. 

Special Conditions: 
The following special conditions apply to this facility: 

a) The waste disposal site is located above the former ash sluice facility for the power 
station. This is a significant factor with respect to the groundwater monitoring program, 
because the materials placed inside the landfill are similar in characteristics to materials 
on which the landfill has been constructed. Accordingly, potential contaminants 
identified in groundwater wells may have a source other than the landfill. 
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b) The waste disposal site is located on a geographic peninsula with no true upgradient 
conditions. For this reason, background wells MW-4 and MW-5 are located in the same 
aquifer, but do not relate to the groundwater gradient of the landfill. The use of off-site 
wells for the identification of background water quality is an adequate approach under 
these conditions. 

c) The waste disposal site is located in an area whereby. nearby surface water can influence 
groundwater levels (i.e., tidal fluctuations in the Southern Branch of the Elizabeth River 
are likely to influence groundwater fluctuations). This is a factor with respect to the 
groundwater monitoring program because potential con tamink  identified in 
groundwater wells may have a source other than the landfill. 

Non-Upgradient Background Wells: 
The waste disposal site is located on a geographic peninsula with no true upgradient 
conditions. For this reason, background wells MW-4 and MW-5 are located in the same 
aquifer, but do not relate to the groundwater gradient of the landfill. The use of off-site wells 
for the identification of background water quality is an adequate approach under these 
conditions. 

~ o n i t o r i n g  Well Replacement: 
Any monitoring well which fails to perform as designed shall be replaced prior to the next 
regularly scheduled groundwater sampling event. 

In February of 2000 monitoring well CECW-5 was replaced after being reported dry during 
several semi annual sampling events. Monitoring well CECW-4 was abandoned and replaced 
in June of 2002 as the result of significant damage. In 2006, monitoring well MW-4 was 
damaged and was subsequently replaced with MW-4R in September of,that year. Finally, 
monitoring well CECW-6 was reported dry for four consecutive semi annual sampling events 
and was abandoned in April of 2008. At that time, well CECW6-I was approved by the DEQ 
as an appropriate substitute for the abandoned CECW-6. 

2.5 Geotechnical Investigation Techniques 

Drilling Methods: 
Monitoring well MW-5 was installed in December of 1982. Monitoring wells PO-8, PO-9, and 
PO-10 were installed in December of 1983. Wells CECW-1, CECW-2, and CECW-3 were 
installed in August of 1998. Replacement wells CECW-5 and CECW6-I were installed in 
February and May of 2000 respectively. Finally, replacement monitoring well MW-4R was 
installed in December of 2006. 

All monitoring wells were drilled using hollow stem auger equipment drilling a 6% inch 
diameter bore hole. It is anticipated that future wells will also be constructed using hollow 
stem augur equipment. For details of the boring logs, please refer to Appendix B. 

Chesapeake Energv Center Po@ 5 
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Equipment Decontamination 

a) Heavy Eqaipment 

Drilling equipment, including auger flights, drill rod, water swivels, casing materials, 
wrenches, drill rigs, and other heavy equipment is to be cleaned prior to drilling at each 
location by use of steam cleaning apparatus. In the event that tar or other material is so 
persistent that steam cleaning is ineffective, then sand blasting or kerosene will be used to 
remove the material and steam cleaning will follow. Decontamination fluids, soils, and 
materials shall be collected and disposed of in accordance with applicable regulations. 

b) Sampling Equipment 

Sampling equipment (split spoons, shelby tubes etc.) used to collect soil samples during 
drilling shall be decontaminated between each sample as follows: 

1. Scrub sampling device with a nonphosphate low sudsing detergent 
(e.g.,Liquinox). 

2. Rinse thoroughly with tap water 

3. Rinse a minimum of three times with distilled water 

4. Air dry 

5. Dispose of decontamination fluids in accordance with applicable regulations. 

2.6 Monitoring Well Construction 

Construction Materials (Existing and Future Wells) 

a) Well Casing & Screens 

The wells are constructed of PVC. Given the nature of the waste, no organic compounds are 
expected that would be incompatible with PVC. These materials are normally used in this 
type of construction and no degradation due to intense well development is expected. It is 
understood that any non-functioning well will be replaced andfor abandoned. 

b) Well Filter Pack and Sealant 

The filters are of a clean washed sand of size compatible with the 0.01 slots in the PVC screen. 
This will provide for even distribution of flow across the screen. It is not anticipated that the 
inert sand would be affected by any leachate constituent. The filter pack shall fill the annular 
space to a minimum of two feet above the top of the well screen. A bentonite sealant at least 
two feet in thickness shall be placed above the filter pack prior to the placement of grout in the 
remaining annular space. Pre-slotted screens shall be used and the screen and casing sections 
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are to be flush threaded. Surface completion shall include locking metal riser cover set in 
formed concrete pad. 

c) Well intake' Design: 

Placement size and type of screen for each well are identified in the individual boring logs 
(Appendix B). The well screens extend at least 5 feet into the saturated zone to allow for 
samples to be taken over a wide band of groundwater and to minimize velocities through the 
screen. 

The introduction of formational material into the sample area is minimized due to the filtering 
action of the sand pack. 

Surveying: 
Wells, including potential future wells, are to be surveyed by a licensed or otherwise certified 
land surveyor to within * 0.5 feet on the horizontal plane and * 0.01 feet vertically. 

The permittee shall install &d maintain a groundwater monitoring system as specified below: 

rn The permittee shall maintain groundwater monitoring wells at the locations 
depicted on Figure lb. 

rn The downgradient monitoring system has been installed at the waste management 
unit boundary, or as close as practical, to ensure detection of groundwater 
contamination in the uppermost aquifer. 

rn The background monitoring system has been installed in order to provide 
representative samples of background water in the uppermost aquifer near the 
facility but not affected by the facility. The landfill is constructed on a peninsula 
and groundwater flow tends to be radial from the landfill to the west, south, and 
east. To the north, the groundwater gradient appears relatively flat. Because of 
this, there is no location which can be considered "upgradient" of the landfill. 
Accordingly, the wells used as "upgradient?' wells are located several hundred feet 
to the northwest of the landfill and do not relate to the groundwater gradient at the 
facility. 

As necessary, the permittee shall construct additional wells and maintain all the 
monitoring wells in accordance with the methods outlined below. 

2.7 Well Development 

The process of drilling disturbs the subsurface materials through which the well bores are 
advanced, which can result in the clogging of the screens from suspended materials dislodged 
during drilling. To counter such drilling effects and allow for the subsequent collection of 
representative groundwater samples, wells are developed in order to flush drilling residues 
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from the well bore. The goals of development are to (i) remove fines from the filter pack and 
natural formation in the vicinity of the well screen; and (ii) to enhance the settlement and 
stabilization of filter pack material adjacent to the well screen. 

The well development process is comprised of (i) the application of sufficient energy in a 
monitoring well to create groundwater flow reversals (surging) in and out of the well and filter 
pack to release and draw fines into the well; and (ii) removing these materials from the well. 

Following installation, each well is developed until pH and conductivity stabilize within 
approximately 10% over the last two measurements in the well bore. Development may be 
accomplished by use of a valved and air-vented surge block accompanied by pumping or 
bailing. 

It may become necessary to redevelop a well if suspended material in the well'builds up to the 
point that it interferes with the collection of a representative groundwater sample. In the event 
that redevelopment becomes necessary, the well may not be sampled for a period of at least 48 
hours following well development. 

2.8 Well Abandonment 

All wells deleted from the monitoring program shall be plugged and abandoned. 

Wells drilled but not required for groundwater monitoring shall be sealed (abandoned) in 
accordance with procedures outlined in the National Well Association's 1991 publication 
"Handbook of Suggested Practices for the Design and Installation of Groundwater Monitoring 
Wells". Well (or boring) abandonment will include pulling or removing the existing casing 
while grout is placed simultaneously in the borehole via a tremie pipe. The grout (or seal) will 
consist of a cementbentonite mixture. If the casing cannot be pulled from the borehole, 
overdrilling will be used to remove the casing. If the well is out of an active disposal area, a 
concrete cap will be placed on top of the grout plug. The objectives of the abandonment 
procedures are to: 1) eliminate physical hazards, 2) prevent groundwater contamination, 3) 
conserve aquifer yield and hydrostatic head, and 4) prevent intermixing of subsurface water 
(EPA, 1975). 

Well abandonment data will be on file at the facility and will include: 

- Surveyed well location 
- Type and purpose of well Abandonment 

Well abandonment method 
- Well ID 
- Copy of the well installation boring log 
- Replacement Materials Used (quantities and placement methods) 
- Name and address of firm performing abandonment 
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The permittee will obtain VDEQ approval prior to the removal of any well(s) kom the active 
monitoring program and will submit documentation to VDEQ following well abandonment. 

2.9 Documentation 

Boring Logs and well construction diagrams are included in Appendix B. 

Within 30 days of installation, monitoring wells will be ckrtified by a qualified groundwater 
professional. This certification along with boring and construction logs for newly installed 
permitted wells shall be submitted to VDEQ within 14 days of certification. The submission 
should include the following information: 

Dateltime of construction; 

Drilling method and drilling fluid used; 

Borehole diameter and well casing diameter; 

Casing materials; 

Screen size/length 

Filter pack material, size, and grain analysis; 

Filter pack volume calculations; 

Filter pack placement method; 

Sealant materials (% bentonite); 

Sealant volume (pounds per gallon of cement); 

Sealant placement method; 

Surface seal design and construction; 

Well development procedure; 

Type of protective well cap; 

"As built" well diagram including dimensions 

Well location, specified to within 0.5 foot in horizontal plane; 

Well depth, specified to within 0.01 foot; 

Ground surface elevation to within h 0.01 foot; 

Surveyor's pin elevation on concrete pad, specified to within + 0.01 foot; 

Top of monitoring well casing, specified to within * 0.01 foot; 

Top of protective steel casing elevation, specified to within * 0.001 foot 

Drilling and lithologic logs. 
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3.0 GROUNDWATER SAMPLING AND ANALYSIS PLAN 
3.1 Sample Collection 

Procedures for collecting the samples shall be in accordance with EPA methods described in 
SW-846 (most recent version) and are as follows: 

Sampling personnel shall check in with the Site Operator. 

Static Water Level Elevations 
The depth to water in each well shall be gauged from a designated mark at the top of the well 
casing using a water level indicator and shall be measured to an accuracy of 0.01 foot. The 
water level indicator shall be decontaminated using a non-phosphate detergent and triple rinsed 
with deionized water prior to each gauging event. 

Well Evacuation 
Wells have been outfitted with dedicated pumps for Low Flow sampling. Turn on pump to 
begin evacuating standing water from the well, careful not to exceed O.ld0.33ft14in. of 
drawdown as hydrologic conditions permit. The water level indicator meter will be used to 
monitor drawdown during pumping operations. 

Number of Samples 
For every groundwater sampling event, measurements will be conducted at 5 minute intervals, 
collect and record the following parameters data: Time, Temperature, pH, Conductivity, 
Turbidity. The sampling frequency is currently semi-annual but is subject to change in 
accordance with the VSWMR andlor DEQ. 

The flowing information outlines the key events of Phase I and Phase I1 groundwater 
monitoring regulation in 9VAC20-80-300 and the parameterslfrequency that are sampled. 

1. Phase I Monitoring 

In the event that the facility is able to return to Phase I monitoring, the following procedures 
will be followed. 

Phase I background data have been accumulated for the facility, and Phase I monitoring shall 
be conducted semi-annually. During each monitoring event, the permittee shall determine the 
concentration or value in groundwater samples of: 

Specific Conductance 
pH 
TOC 
TOX 

The permittee shall perform a statistical evaluation of the analytical results comparing each 
well to its O&I background and to the upgradient wells. If the comparisons for the upgradient 
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wells show a statistically significant increase (or pH decrease), the permittee shall submit the 
information to the VDEQ in the Ground Water Annual Report. If the comparisons for 
downgradient wells show a statistically significant increase (or pH decrease), the permittee 
may obtain within 30 days additional groundwater samples from those wells, split the samples 
in two, and obtain analyses of all additional samples to determine whether the significant 
difference is confirmed (verification sampling). If a statistically significant increase (or pH 
decrease) is not confirmed, the permittee shall submit the information to the VDEQ in its 
annual report. If a statistically significant increase (or pH decrease) is confirmed: 

- the permittee shall within 14 days notify the VDEQ of the determination and that Phase I1 
monitoring will be implemented 

- within 90 days the permittee shall either demonstrate that a source other than the unit 
caused the contamination or establish Phase I1 monitoring 

2. Phase I1 Monitoring 

a) Phase 11 Monitoring Parameters 

A Phase 11 monitoring program shall include the monitoring parameters identified in Table 5.5 
of the VSWMR. The facility has been granted a variance which allows it to omit VSWMR 
Table 5.5 volatile organic cdmpounds from semi-annual Phase I1 monitoring. In addition, the 
variance also specifies sampling semi-annually for detected Table 5.1 inorganic parameters and 
every two years for the entire Table 5.1 list. 

b) First Determination 

The purpose of Phase I1 monitoring is to allow for the performance of a first determination. 
The first determination should be completed as soon as technically feasible, but no later than 21 
months after determining a statistically significant increase (or pH decrease) under the Phase I 
Monitoring Program. 

The number and frequency of sampling events shall be determined in accordance with the 
requirements of the statistical method by which the first determination will be made. During the 
first determination period of the Phase LI monitoring program, the permittee shall submit the 
groundwater analytical results from each background event with in 15 days of receipt from the 
laboratory. The results of the first determination, including an assesment of groundwater 
quality, shall be submitted to the VDEQ within 21 months of determining a statistically 
significant increase under the Phase I monitoring Program. 

c) Actions Following First Determination 

1. If the permittee finds that no Table 5.5 constituents (as modified by variance) 
from the facility have entered groundwater, the permittee may then reinstate the 
Phase I monitoring program. The permittee shall notify the VDEQ of the 
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reinstatement of the Phase I monitoring program in the First Determination 
Report. The following requirements pertain to a reinstated Phase I program: 

a. ' If the permittee reenters the Phase I monitoring program and continues to 
observe statistically significant increases (SSIs) for Phase I parameters, the 
facility will reenter the modified sampling program (as outlined in 9VAC- 
80-300.C.5), and will sample for 5.1 constituents within 90 days. 

b. If no Table 5.1 constituents are detected in groundwater, the permittee 
shall continue the Phase I monitoring program, and continue to sample and 
analyze groundwater for Table 5.1 constituents every 2 years. 

c. If Table 5.1 constituents are detected and confirmed in groundwater 
during any Table 5.1 event, the permittee shall establish a background 
value for each detected 5.1 constituent within a period not to exceed 18 
months. 

2. If the first determination identifies a statistically significant increase in any Table 
5.5 constituent (as modified by variance), the permittee shall 

a. Continue to make the required determinations on an (at least) semi-annual 
basis until Corrective Action Program is implemented. The permittee may 
request that VDEQ approve an appropriate set of monitoring wells 
applicable to this phase of monitoring. 

b. Within 90 days, sample the groundwater in all monitoring wells and 
analyze the samples for the constituents of Table 5.1 of the VSWMR. 

c. No later than 18 months after the statistically significant increase for Table 
5.1 constituents, establish a background value for each Table 5.1 
constituent that has been found at the waste management unit boundary. 

d) Proposal of Groundwater Protection Standards. 

Within 60 days of the establishment of Table 5.1 background, the permittee shall propose a 
groundwater protection standard (GPS) for each Table 5.1 constituent detected in groundwater. 
The GPS shall be: 

1. For constituents for which a maximum contaminant level (MCL) has been 
promulgated under Section 1412 of the Safe Drinking Water Act (Part 141, Title 
40, Code of Federal Regulations), the MCL for that constituent will be used. 

2. For constituents for which MCLs have not been promulgated, the backbound 
concentration, as approved by the VDEQ for the constituent established fkom 
wells, or 
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3. For constituents for which the background level is higher than the MCL or health 
based levels, the background concentration, as approved by the VDEQ. 

e) Evaluation of Table 5.1 Constituents 

After each subsequent monitoring event following establishment of ground water protection 
standards the permittee shall submit to VDEQ an evaluation of the concentration of any Table 
5.1 constituents found in the groundwater in each monitoring well at the waste management 
unit boundary. If the concentration of: 

1. All Table 5.1 constituents are shown to be at or below background values using 
the statistical procedures described in this Plan for two consecutive sampling 
events, the permittee shall notify VDEQ and may reinstate Phase I monitoring. 

2. Any Table 5.1 constituents are shown to be above background values but below 
the applicable GPS, the permittee shall continue Phase I1 monitoring. 

3. Any Table 5.1 constituents indicate exceedance above the established GPS in any 
specified monitoring well at the waste unit boundary, the permittee may 
demonstrate that a source other than the landfill (Alternate Source Demonstration 
(ASD)) caused the increase or an error in sampling, analysis, or evaluation was 
committed. In making such a demonstration, the permittee shall: 

a. Notify the VDEQ in writing within 14 days of the permittee's intention to 
make the demonstration. 

b. Within 90 days, submit the ASD that proves a source other than the 
landfill unit caused the increase, or that the increase resulted fiom error in 
sampling, analysis, or evaluation. 

c. Continue Phase II monitoring on semi-annual basis. 

Actions in the Event of Statistical Exceedance of GPS. If the above alternate source 
demonstration (ASD) is not made or is inapplicable, the permittee shall: 

1. Collect and submit all data necessary to justify any variance sought for GPS, or 

2. Characterize the nature and extent of the release and notify all property owners of 
the land that overlies the plume of contamination, and 

3. Initiate within 90 days the Corrective Action Program 9VAC20-80-310. 
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Sampling Equipment 
All wells have been outfitted with dedicated pumps. Turn on pump to begin evacuating 
standing water from the well, careful not to exceed O.lm/0.33ft/4in. of drawdown as hydrologic 
conditions permit. The water level indicator meter will be used to monitor drawdown during 
pumping operations. 

Sampling Order 
The wells shall be sampled in the same order for each sampling event. The sampling order 
shall be as follows: 

Sampling Measurements 
A field technician shall record and maintain with Log Book; date, time arriving & leaving site, 
and weather condition. In addition, at each well the following information is to be recorded: 

C o n f m  water quality meters (Temperature, pH, conductivity, turbidity) are operational and 
calibrated. 

All wells have been outfitted with dedicated bladder pumps, turn on pump to begin evacuating 
standing water from the well, careful not to exceed O.lm/0.33ft/4in. of drawdown as hydrologic 
conditions permit. The water level indicator meter will be used to monitor drawdown during 
pumping operations. Evacuated water will be discharged to the ground at the well site. 

At 5 minute intervals, collect and record the following parameters data: Time, Temperature, 
pH, Conductivity, Turbidity. 

Field parameters must have stabilized within the following units over at least three consecutive 
measurements prior to sampling, unless the well's recharge capability is limited. 

0 pH + 0.2 pH units 
Conductivity + 3% of reading 
Turbidity + 10% of prior reading or the readings be less than l0ntu. 

Remove by low flow pumping a volume sufficient to analyze for the applicable parameters and 
divide into proportions with proper preservative. The sample collection order shall be: 

Volatile Organics 
0 EDBDBCP 
0 Semi-volatile Organics, Organochlorine Pesticides and PCBs, Chlorinated 

Herbicides 
Cyanide, Sulfide, Metals 
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Decontamination & Calibration Procedures 
Rinse water level meter and flush water quality meter's flow-through cells prior to each 
sampling event. The sampling equipment will be calibrated per manufacmre recommendations 
(Appendix F). The water level and water quality meters will be calibrated prior to every 
sampling event and after every 5 samples. The records of calibration will be maintained in the 
Biology Environmental Lab's file. (The field calibrations will be recorded on every 5th 
sampling well field sheet.) 

3.2 Sample Preservation and Handling 

Sample analytical requests are conducted by phone, written paper request form, and electronic 
means. The field technicians will check the Chain of Custody upon sample bottle pick-up to 
ensure the appropriate number and type of containers are provided for the sampling event. 

Sample Containers 
The appropriate parameter specific sample bottle type (approved plastic or glass) and quantity 
shall be pre-preserved using the preservatives outlined in Appendix G, Tables 1A through 1H. 
In order to ensure that sample containcrs arc free of contaminants, clean sample containers 
will be obtained directly from the laboratory for all wells, field blank, trip blank, and field 
duplicate. The required sample quantity per analytical method is provided in Appendix G. 

Sample Preservation 
The appropriate sample containers will be placed on ice and transported to the laboratory in 
sealed coolers and/or crates by the technicians in a manner which prevents breakage or cross- 
contamination. 

3.3 Chain of Custody 

Technicians shall complete a Chain-of-Custody form, provided to the laboratory, for each set 
of samples. An example Chain-of-Custody form is included in Appendix C. The order of 
sampling, chain-of-custody, sample preservation, and decontamination procedures remain 
consistent during each monitoring event conducted at the site. 

Sample Labels 
Sample labels affixed to the samples shall contain at least the following information: 

- Sample Identification Number(s) 
- Name of Collector; - Date, time, and place of collection; 
- Parameters to be analyzed for (if space permits); 

Sample Seal 
When samples remain in Dominion's custody, ensure the bottles are appropriately sealed and 
the Chain of Custody is transferred to the lab. 

When samples leave the operator and/or technicians immediate control, such as shipment to a 
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laboratory by a common carrier, the operator/technician shall require the shipping container 
andor individual bottles be sealed. 

Chain - of - Custody Record 
Technicians taking samples and delivering to the lab for subsequent analysis shall keep a chain 
of custody record containing the following information: 

- Place of collection 

Sample Identification Numbers (s) 
- Name of Collector 

- Parameters to be analyzed for (as designated by LIMS project code) 
- Date(s) and Time(s) of Sample Collection 
- Signature of Collector 

- Signature of Recipient 

Temperature of Samples upon arrival at the laboratory 

3.4 Field Log Book 

Blank copies of example field sheets are provided in Appendix D. 

3.5 Laboratory Analytical Procedures 

Data from each well will be reported to the Site Operator upon completion of the analysis. 

Field and laboratory quality control procedures shall be employed at all stages. The guidelines 
contained in Test Methods/Evaluation Solid Waste, PhysicaWChemical Methods (SW-846) by 
the EPA 

Equipment used shall be calibrated routinely as recommended by the manufacturer. 

Records of all analysis as well as copies of log book field data and chain-of-custody records 
shall be retained throughout the life of the facility and post-closure period and shall be 
available upon request. 

3.6 Quality Assurance and .Quality Control 

Any commercial laboratories hired must exercise a QNQC program that meets or exceeds that 
noted in the most current version of Test Methods for Evaluating Solid Waste - 
PhysicaNChemical Methods, SW-846 - USEPA. 

Field QAIQC Program 
A trip blank, field blank, and duplicate will be included during every sampling event. 
Please reference Section 3.1 for detailed field equipment QNQC procedures and 
documentation. 
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Laboratory QNQC Program 
The lab will use a method blank on at least 5% of the samples, prior to analysis. Analysis 
of prepared standards of known concentration shall be used to confirm the validity of the 
analysis. ' 

3.7 Establishing Background Data 

Background groundwater quality will be established at the Facility using current and historical 
groundwater monitoring data collected from background wells MW-4R and MW-5 for each 
constituent on the monitoring list. 

3.8 Techniques for the Evaluation of Groundwater Quality Data 

Statistical Tests 
The following summarizes the methodology used for statistical analyses: 

0 Historical concentrations for background wells (inter-well) are compiled and screened for 
outliers using methods by Dixon (1953) for data sets less than 25 and for data sets larger 
than 25, Rosner's Outlier Test (which follows the procedure described by Gilbert (1987)) 
is used. If statistical outliers are detected, they are removed from the baseline dataset prior 
to statistical analysis. 

- Please note, analytical concentration between the limit of detection (LOD) and the LOQ 
are noted in reports by "J" flagging. The result is therefore and estimated value without the 
required level of accuracy or precision to be considered quantifiable. 

Determination of the appropriate method for upper prediction limit (UPL) analyses is 
determined based on the percent non-detects (%ND) for the data set and its distribution: 

- Datasets with 25% or less NDs - NDs of a data set are replaced with one-half the LOD or 
LOQ and the data set is tested for normality or lognormality. The parametric UPL 
approach is used for normal or lognormal data sets. A non-parametric approach is used for 
non-normal or non-lognormal data sets. 

- Datasets with % ND between 25% and 50% - the mean standard deviation of a data set is 
adjusted using Aitchison's or Cohen's adjustments, and then the data set is analyzed for 
normality or lognormality. The parametric UPL approach is used for adjusted normal or 
lognormal data sets. A non-parametric UPL approach is used for non-normal or non- 
lognormal data sets. 

- Data sets with %ND greater than 50% - these data sets are considered non parametric and 
therefore the non-parametric UPL approach is used. 

- 95% Prediction Interval Analysis is preformed. 
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GPS were initially implemented at the Facility on May 23,2001. On March 18,2002, the 
VDEQ approved a final variance for establishing alternate concentration limits (ACLs) as 
GPS. Because the Facility is currently sampling on a semi-annual frequency, the statistical 
method of GPS analysis is a point comparison method. The point comparison method 
consists of a direct comparison of the semi-annual compliance data for a given constituent 
and well to the GPS. With this method, a statistically significant increase (SSI) above the 
GPS is indicated by at least one of the two samples having a concentration above the GPS. 

In the event that the facility is able to return to Phase I monitoring, statistical evaluation of 
the data would include intra-well analysis in addition to the inter-well analysis described 
above. As above, 95% prediction interval analyses would be used to evaluate significance. 
However, this analysis would compare individual well data to its own historical 
concentrations rather than the historical concentratio'ns for the background wells. 

Verification Sampling 
In the event that statistical analysis of the test data identifies potential statistically significant 
increases in one or more parameters, the well or wells of concern will be resampled within 30 
days of the completion of statistical analysis. Verification sampling must be performed within 
the same compliance period as the event being verified. Verification sampling shall be 
performed in accordance with the DEQ technical paper titled "Data Analysis for Solid Waste 
Facilities". Verification samples will be analyzed for the parameter or parameters of concern. 
If the verification sample remains statistically significant, then statistical significance will be 
considered verified and must be reported to the VDEQ within 14 days. If the verification 
sample is not statistically significant, then no statistical significance will be recorded for the 
monitoring event. 

Records and Reports 
The field equipment calibration records and field sampling sheets will be maintained in 
Dominion Environmental Biology Lab's files. The chain of custody will be maintained in the 
analyzing Lab's files. The analytical data will be stored in Dominion's Laboratory Information 
System (LIMS) database. A copy of the reports and correspondences will be sent to the facility 
and maintained in Dominion Electric Environmental Services' (EES) corporate files. 

3.9 Statistical Analysis of Subsequent Well Data 

The statistical tests used to evaluate the comparisons, including treatment of outliers, missing 
data, data below detection limits or quatification limits, and treatment of non-normally 
distributed data, shall be performed in accordance with the version of the DEQ technical paper 
"Data Analysis for Solid Waste Facilities" in effect at the time of statistical analysis of the 
data. A copy of the current Guidance (March 2008) is included in Appendix E. 

At least annually, the permittee shall evaluate the data on static groundwater surface elevations 
to determine whether the requirements for locating the monitoring wells continue to be 
satisfied. If the evaluation shows that the requirements of the groundwater monitoring system 
are no longer satisfied, the permittee shall notify VDEQ for approval to immediately modify 

41827



- Groundwater Monitorinx Plan 
Chesapeake Energy Center 

June 2009 

the number, location, or depth of the monitoring wells to bring the groundwater monitoring 
system into compliance with that requirement. 

Comparison wi'th Subsequent Well Data 

See section 3.8 

Required Response Actions 
In accordance with 9VAC20-80-300.C.4(e), the following actions are required for evaluating 
groundwater on a semi-annual basis: 

0 If background statistical analysis indicates no SSIs and all constituents are shown to be at 
or below background values for two consecutive sampling events, the Facility may 
petition to reinstate Phase I monitoring; 

0 If Phase 11 constituents are found to be above background values, but below GPS, the 
concentrations will be reported in the facility's semi-annual and annual report submission 
and the facility will remain in Phase I1 monitoring; 

0 If statistical analysis reveals the concentration of any Phase 11 constituent is above GPS, 
the Facility will notify the Department within 14 days of noting the exceedance. The 
notification will include a statement that within 90 days the Facility will: 

o Further characterize the nature and extent of a release by installing additional 
monitoring wells as necessary; 

o Install at least one additional groundwater monitoring well at the Facility 
boundary in the direction of contaminant migration; 

o Notify property owners of lands above which contaminant migration has 
occurred: 

o Initiate a corrective action program; or 

o Submit an alternate source determination 

3.10 Groundwater Evaluation Data Interpretation 

The permittee shall determine the elevation of the groundwater surface at each well each time 
groundwater is sampled to the nearest 0.01 foot. Groundwater level measurements are to be 
made within a 24 hour period. Because the aquifer may be tidally influenced, the facility shall 
endeavor to make all groundwater elevation measurements within a four hour window. A 
potentiometric map based on one of these monitoring events shall be submitted to the VDEQ 
each year. The rate and direction of groundwater flow shall be determined at and submitted 
with the Annual Groundwater Report. Additional potentiometric maps may need to be 
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submitted in some cases, i.e., if seasonal or other variations in the groundwater surface are 
encountered. 

3.11 Record Keeping and Reporting 

The permittee shall retain all monitoring, testing, and analytical data obtained throughout the 
active life of the facility and the post-closure care period. 

The permittee shall report to the Director on an annual basis no later than March 1 following 
each calendar year: 

'   he concentrations or values of the parameters for each monitoring well along 
with appropriate evaluations as required. 

The results of the evaluation of groundwater surface elevations as required and a 
description of the response to these evaluations, where applicable. 

The results of the evaluation of the groundwater quality assessment program, to 
include, but not necessarily be limited to, the calculated or measured rate of 
migration of solid waste constituents in groundwater during the reporting period. 
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n in the classification colunu~ arc bascd on 
visud observations. 

.3. 
E

stim
ated ground w

ater levels indicated by 1
;
 these levels are only estinntes from

 available dm
. 

and m
ay vary w

ith precipitation, porosity of the soil, site topo,gaphy, 
etc. 

4. 
R

efusal at the surface ofrock, boulder, or obstruction is defined as an SPT
 rzsistance of 100 

blow
s for 2 inches or less of penetration. 

5. 
?he logs and related inform

ation depict subsurface conditions only at the specific locations and at 
the particular tim

e w
hen drilled or eicavated Soil condiiions, at,other locations m

ay differ from
 

conditions occum
ng at these locations. A

lso, the pasage of tim
e m

ay result h
a

 change in the 
subsurface soil and gound w

ater conditions at the test borinz, test pit andlor hand auger locations. 
. . 

6. 
T

he sthtification lines represent the approxim
ate boundary betw

een soil znd rock types as 
obtained &

om
 the subsurface exyloration Som

es&
ation m

ay also bc cxpxted vertically' 
benvecn sam

ples taken. T
he soil profile, w

ater Ise
l observations and penenation resistances 

prcscntcd on these logs have beenm
ade w

ith rexonable care and accuncy and m
ust be 

considered only an appro.sim
ate representation of subsurface conditions m

 be encountered at th- 
-
.
 

pw
icular locaiion. 

7. . K
ey to sym

bols and abbreviations: 

n 
5+10+15 

S
m

dard Penetntion T
est. 

U 
3T

. 
2" or 3" U

ndisturbed T
ube Sunplc 

2411 8 
L

cnsth PushedR
ecovery (in 

inches) 
. 

R
ock C

ore Sm
iple 

C
ore D

iam
ater Size(R

ecovcry %
IR

Q
D

%
, 

w
 

W
att; C

ontent 
.. 

. 
. 

. 
. 

. D
o 

D
iao 
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T
he ground w

ater levels on the logs show
 our estim

ate of the hydrostatic w
ater table at 

the tim
e the borings w

ere drilled. Fluctuations in the hydrostatic w
ater table should be 

anticipated dependiig on variations in precipitation, surface runoff, pum
ping, tidal action, 

evaporation, leaking utilities, stream
 levels &

d sim
ilar factors. 

. . 

2.5 
D

esign P
aram

eters 

' 2.5.1 
Soil P

roperties 

B
ased on boring data, labox8ory testresults, and our previous experience, w

e selected 
. 

design param
eters for use in our analyses as show

n in T
able 1. T

hese properties w
ere 

' 

used in our engineefig analyses w
hich 'are included in ~

~
~

e
n

d
i

x
' 

C. 

T
he properties w

e selected, w
here correlations w

ere used, are considered conservative. 
For exam

ple, the consolidated undrained biaxial strength test r
e

d
s

 indicated an 
andrained cohesion for the firie-grained  orf folk   or mat ion of 1150 psf. In our analyses, 
w

e used an undrained cohesion of 250 psf since the clay isso&
 (N

 values 2
to

 5) w
ith 

pocket p&
etm

neter readinSs less than or equal to 0.5 tsf. A
nother exam

ple to illustrate 
conservative values are indicated by the internal angle of tiiction values w

e used for the 
coarse-grained alluvium

. A
gain, ,ils these soils are loose (N

 values 1
to

 . . 2) and'g&
en&

at 
it is im

practical to obtain au undisturbed sam
ple of this m

aterial, w
e used a value of 27 

degrees for the internal angle of iiiction w
hich correlates w

ith the low
 N
 values for the 

very loose sands in this stratum
. 
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I SCHNAEEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expansion Contract Number: 993318 
:ONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Borlna Numtier: 8-101 , . . 

TEST BORING LOG Chesaoeake. Vlrainia Sheet: I of 2 
I . - I ... 

'orlng Contractor: Flshburne Drlllng Services, Inc. GroundYater ObSerVatlOns 
Chesapeake, Virginla 

orlng Foreman: E. Hester 
I Date 1 Time I Depth I Caslng I Caved 

Encountered 1 7/13 1 1220 1 17.0 I -- I -- 
rilllng nethod 2 15/16" 0.0. Roller Bit'Mud Rotary 
rllllng Equipment: CME-45C 
EA Repre~entaUue: J. Hollowell Casing Pulled . 7/13 12:47 3 -- 39.8 
ater Started 7/13/99 Fhlshed 7/13/99 
ocatlon: See Lpcatlon Plan, Flgure A1 

I I I I I 
round Surtace Eleuatlon: 19.51 t I . I  

I 

IEPTH STRATA DESCRIPTION . CLASS. 
(FT.) 

I Fine to coarse snty sand FLY ASH 1 FILL 

contains organic matter, molst - dark 

- do, iontalns shell fragments and silty 
B.O sand ienses.'dark gray and brown 

Fine to coarse sandy fat clay FILL, - trace gravel, moist - gray I 
do, contains organlc matter and 
clayey sand lenses 

contains clayey sand lenses and 
organic matter, molst - dark,gray and 
dark brown - 

- 
17.0 -- 

Fine to medium sandy lean clay, CL - contalns organic matter, wet - dark 
brown - 

- 
- .  

22.0 - 
Fat clay wlth sand, wet - dark gray CH - 

4 -- 
. . Fine to medium poorly graded rand SP-SM - with silt, net - tan - 

i continued on next page t- 
nmentr 

Boring backfilled upon completion. 

20- 

PP<O.5 TSF 

25 

30 

REMARKS 

Started mud 
drllling at 4' 

DIKE FILL 

r' 

ALLUVIUM 

NORFOLK 
FORMATION 
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- 
SCHNABEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expansion I Contract Number: 993318 

CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Cenler Borlng Number: 8-102 , , 
TEST BORING LOG Chesapeake. Virginia Sheet: I of 2 

I 
~ - 

I 

bring Contractor: Flshburne Drlling Services, Inc. Ground Hater Observatloru '-. 
Chesapeake. Virginia I  ate I Tlme I DeDth 1 ~as lng I Caved 

3orlng Foremari E. Hester . Encountered 1 7/13 1 iO:53 1 22.0 1 -- 1 -- 
lrllling Method 2 15/18" 0.0. Roller ~ i t k u d  Rotary I I 

Completion 7/13 Ii:09 -- -- -- 
lrliilng Equipment: CUE-45C 
jEA Representative: J. Holioweil Casing Pulled 7/13 It15 10.0 -- 39.0 
late, Started 7/13/09 Flnkhe& 7/13/99 
.ocatlori See Location Plan, Flgure A1 

I I I I I 
iround Surface EievatloR 19.51 

Fine to coarse silty sand FLY ASH 
FILL, moist - dark gray 
Fine to medium silty sand FILL, moist - 
tan and brown 
Fine to medlum sandy lean clay, trace 
gravel, molst - dark gray 

I 

with silt FILL, moist - dark gray 

DEPTH 
(FT.) 

- 
SM' 

- 
SP-SM 

- 

STRATA DESCRIPTION 

17.0 - -- - 
- 
- 
- 

22'0 - 
- 
- 
- 
- 
- 
- 
- 
- 
I I 

~mments: 
Borlng backfilled upon completion. 

CLASS. 

Fine to medium silty rand, contain~ 
organic matter, molst - dark brown 

Fine to medlum poorly graded sand 
with silt, wet - dark tan . . 

do, dark tan and brown 

conflnued on next page 

- 
LEV 
IFT.: - 
18.5 

17.5 

7.5 

2.5 

-2.5 

- 
- 

i R ~ l  SAHPUNG 
'UM DEPTH I DATA 

1 .  
REMARKS 

Started mud 
drllllng at 4' 

OIKE FILL 

> '  

NORFOLK. 
FORMATION 
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DEP' 
(F1 - 
32.C 

40.0 

- 

STRATA OESCRIPTION 

Fine to medium poorly graded sand 
with silt. wet - dark tan aid brown 

Fine clayey sand wet - tan and 
brown 

Bprlng terminated at 40 ft 

aent.. 
Borlng backlilled upon completion. 

SAMPLING 
DEPTH DATA 

- 
- 

3+2+3+3 

- 
- 

REMARKS 

NORFOLK 
FORMATION 

41861



SCHNABEL ENGINEEXNG ASSOCIATES Protect: Ash Fill Expansion Contract Number: 993318 
CONSULTING GEOTECHNICAL ENGINEERS , Chesapeake Energy Center Borlng Number: B-102A , , 

TEST BORING LOG Chesapeake. Vlrslinla Sheet: I of 2 . 
I 

- 
I 

1 Ground Water Obawvatlont Borlng Contractor: Flshburne Orlling Services, Inc. 
Chesapeake. Virglnia 

BOrlnO Foreman' E. Hester 
'r 

Orllllng Method 2 15/16" 0.0. Roller Bit Mud Rotary 
Orlliina Equipment: CME-45C 
SEA RepresentaUvti J. Hailowell 
Dates Started 7/2O/Q9 Flnlshed 7/20/99 
Location' See Location Plan, Figure Al 

Ground Surface EievaUon: 19.5t 

DEPTH I 
IFTJ STRATA DESCRIPTION 

Mud Rotary Probe to 43 ft: see Borlng 
8-102 for strata description. 

continued on next page 

B 
Comments; 

I) Borlng backfilled upon 5 hour ground water measurement. 
2) Offset Borlng B-102A 10' aouth o f  Borlng 8-102. 

(FLING 
DATA 

L 

REMARKS 
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SCHNAEEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expansion Contract Numbes 893318 
ZONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Borlng Numbes B-102A . .,. 

TEST BORING LOG Chesapeake, Viuglnia Sheet: 2 of 2 

STRATA DESCRIPTION 

Mud Rotary Probe to 43 ft: see Boring 
8-102 for strata descriptibn. 

Fine to medium silty sand, wet - brown 
and tan 

- 
REMARKS 

See Borlng 
8-1028 

Comments: 
I) Borlng backtllied upon 5 hour ground water measuremenl. 
2)  Offset Boring B-102A 10' south 01 Boring 8-102. 
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SCHNABEL ENGINEERING ASSOCIATES Prolect Ash Fill Expansion Contract Number: 893318 . 
XJNSULTING EOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: 8-1028. . . . 

TEST BORING LOG , Chesapeake, Virginia Sheet I of 3 .. 

IorlnQ Contractor: Fishburne Oriling Services, Inc. 
Chesapeake, Virginla 

loring Foreman E. Helter 
irnllnp Method 2 15/18" 0.0. Roller BN'MU~ Rotary 
rlillng EqulpmenE CME-45C 
EA Reprcaentatlve: J. Halloweli 
ate3 Started 7/20/90 Flnlahed 7120198 
ocatloti See Locatlon Plan. Figure A1 

round Surface Eievatloti 19.5: 

IEPTH 1 
(FT.) STRATA DESCRPTION 

Mud Roiary probe l o  53 11: see BorIng 
B-102A for strata descrlptlon. 

conUnued an next page 

IPLING 
DATA 

Ground Hater Observations 
1 Date I T h e  I Depth 1 Ca3lnQ I Caved 

REMARKS 

Encountwed 1 7/20 1 -; I -- 

Comments: 
11 Borlng backfilled upon completion. 
2) Offset Eoring 8-1028 10 ' north of Borlng 8-102. 

-- -- 
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SCHNABEL ENGINEERING ASSOCIATES Prolect Ash Fill Expansion Contract Number: 093318 , 
2ONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Cenler Boring Number: 0-103 .. . 

TEST BORING LOG Chesapeake. Virginla Sheet: I of 2 

I Ground Hater Observatlon~ lorlnp Contractor: Flshburne Orlling Services, Inc. 
Chesapeake, Virginla 

lorlng Foreman: E. Hester . 
lrfllhg Method 2 15/18" 0.0. Roller Bltkud Rotery 
lrliilng Equlpment: CME-45C 
iEA Representathe: J. Holloweli 
lates Started 7/13/98 FWshect 7/13/99 
ocatloh' See Locatlon Plan. Figwe'Al 

iround Surface ElevaUon: 20.0i 

IEPTH I 
(FT.) STRATA DESCRIPTION 

8.0 
Flne to medium clayey sand FILL. - moist - dark gray 

8.0 -- 
Fine to medlum silty sand, moist - dark - brown and gray 

- 
- 
- 
- do, contains clayey sand lenses, dark 

brown and dark gray - 
- 
- 
- do, conlalns organlc matter 

- 
- 
- 
- 

22.0 - 
Fine silty sand, wet - dark brown gray - 

- 
- 
- 
- 
- 
- 
- 

cnnllnued an next page 

:LASS. 

- 
FILL - 
FILL - 
FILL 

- 
FILL 

- 
SH 

- 
SM 

7 

I 
REMARKS 

DIKE FILL 

Started mud 
drilllng at 4' 

5- 

ALLUVIUM 

Comments: 
Boring backfilled upon completion. 
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ICHNABEL ENGINEERING ASSOCIATES ProJect: Ash Fill Expansion Contract Number: 893318 
INSULTING GEOTECHNICAL ENGINEERS , Chesapeake Energy Cenler Borlng Number: 8-103 . . 

TEST BORING LOG Chesapeake, Virginla Sheet 2 of 2 
- 
EPTH 
IFT.) - 

12.0 

- 

0.0 - 

I 

STRATA DESCRIPTION . 

Fine to medlum allty sand,contains 
clayey sand lenses, molsl -dark 
brown and dark gray 
Fine to medium clayey  and, wet - 
tan, brown and gray 

do, brown and tan 

Boring terminated at 40 f t  

- 
LASS. 

- 
SM 

- 
SC 

+ 

. . 

IMPLING 
DATA 

REMARKS 

NORFOLK 
FORMATION 

Comments: 
Boring backfilled upon campletion. 
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12.0 
Fine to medium silty sand, moist - dark 
br0wn;dark gray and tan 

with silt, wet - tan '. 

Nth sill, contains clayey sand 
Pockets, Wet - Ian and brown 

. I  continued on next page 

Borfng backfilled upon 8 1/2 day ground water measurement. 

I D I K E  FILL 

Started mu? 
drllllng at 4 

NORFOLK 
FORMATION 
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SCHNJBEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expansion Contr, 
:ONSULTING GEOTECHNICAL ENGINEEaS Chempeake Erergy Centar Borin( 

TEST BORING LOG Chesapeake, Virslnia Shcei 

DEPTH 
(FT.) - 

- 

37.0 

40.0 - 

STRATA DESCRIPTION 

Fine to coarse poorly graded sand 
wlth silt. contains clavev sand . ~~~~ ~ ~~. ~ . -  ~. 
pockets, wet - tan and brown 

Fine to medium clayey sand, wet - tan 
and brown 

Boring terminated at 40 f t  

Comments: 
Borlng backfilled upqn 8 112 day ground water measurement. 

SAMPLING 
IEPTH I DATA 

lumber: 993318 
~ber: 8-104 
of 2 
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SCHNABEL ENGINEWING ASSOCIATES Prolect: Ash Fill Expansion 
CONSULTING GEOTECHNICAL ENGINEEX I Conlract Number: 893318 

Chesapeane Energy Center 
TEST BORING LOG Borlng Number: 5-105 , 

Chesapeake, Virg'nia Sneet I of 2 

Borlng Contractor: Flshburne 0rll:ng Serv!ces, Inc. 
Chesapeake. Virginia 

Borlng Foremari E. Hester 
Orllllng Method 2 15/18" 0.0. Roller ~lt'Mud Rotary 
O~ll lhg Equipment: CME-45C 
SEA RepresentaUve J. Hollowell 
Dates Started 7/13/99 Flnlshed 7/13/99 
Locatlon: See Locatlon Plan. Flgure Al 

. . . . 
' 'a++.. Ground Surface ElevaUon: 1&ii . . ., , ,. 

DEPTH 
1FT.l STRATA DESCRIPTION 

- 
- 
- 

14.0 - 
Fine to coarse clayey sand FILL, wet - -dark gray 

- 
- . . - 
- 

20.0 
Fine to coarse poorly graded sand - wlth silt, net  - dark broun 

- 
- -. 

- .  
- 
- 

27.0 ' 
Fine l o  medium clayey sand, wet - tan - and bpawn 

- 
- 

continued w next page 

1 Date I Tlme I Dwth I Carlna 1 Caved 
Encountered 1 7/13 1 4% 1 13.0 1 -- I -- 

1 I 

Campletlon 7/13 4:28 -- -- -- 
Caalng Pulled 7/13 4:40 10.5 -- 38.4 

8 112 Day 7/20 1P28 Dry -- 1.0 

I 

CLASS 

- 
FILL - 
FILL - 
FILL 

- 
FILL 

- 
FILL 

- 
FILL 

- 
FILL 

- 
P-SM 

- 
SC 

- 

mments: 
Boring backfilled upon 6 112 day ground water measurement. 

- 
ELE 
IF7 - 
I8.E 

l7.E 

15.5 

13.5 

11.5 

5.5' 

-.5 

-7.5 

- 
- 

iTRA- SAMPLING 
TUM DEPTH DATA 

A3 5+7+10+8 -- - 
A2 -- - 

4+4+4+5 - - PP=4.25 TSF 

-- - . . 
I+2+4+4 

A2 - 5 -  . 
-- 

s t ~ t r a i 7 '  
Al' - - 

-- - 
5+10+13+18 - - 

-10- 
- - 
- - 

.1+1+1+1 
A2 

15 t im 
- - 
- - ,  . . . . ;. 

--20- 
. .. . - .  - 

- - 
82 

L 
REMARKS 

DIKE FILL 

~tarted'mud drilling a t  4' 

ALLUVIUM 

NORFOLK 
FORMATION 
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-- - 

SCHNABEL ENGINEERING ASSOCIATES ProJect: Asn Fill Expansfon 
:ONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Cenler 

TEST EORING LOG Chesaoeale. Virc'nia 

IEPTH 
(FTJ - 

" 

40.0 - 

STRATA DESCRIPTION I CLASS. 

Fine to medium clayey saqd, net  - Ian 
and brown -----I- 
da, brown and tan I 
do, contains silty sand lenses, dark 
gray I 

I 

Boring terminated at 40  f t  

- 
TRA 
run - 

C 

- 

. ., . 

- 
Contraci Number: '993318 . 
Borlng Number: 8-105 , . . 
Sheet: 2 of 2 

REMARKS SAMPLING 

NORFOLK 
FORHATION 

Comments: 
Borlng backfilled upon 6 112 day ground water measurement. 

DATA 

2+1*1+2 

DEPTH 

- 
- 

3 5  
- 
- 

40 

. . 

:m 
3 
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2 

L 
Com 

SCHNABEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expanslon Conlract Number: 893318 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG 
Chesapeake Energy Center . Borbg Number: 8-108 ,, . 
Chesapeake, Virginia Sheet: I of 2 

1 Ground Hater Observations Borlng Contractor. Flshburne Orillng Servlcei, Inc. 
Chesapeake, Virginia 

3orlng Foreman E. Hester 
3riAhg Method 2 15/18" 0.0. Roller 8lt ' i~ud Rolary 
lrlllhg EqUl~ment CME-4% 
iEA Representaffve: J. Hollowell 
latea Started 7/14/99 Flnlahed 7/14/99 
.ocatlon: See Locatlon Plan, Figure A1 

iround Surface Elevation: 20.51 

DEPTH 
(FT.1 STRATA DESCRIPTION 

Fine to medium silty sand FILL.. 
Contains sandy lean clay lensea, molst - dark bronn and dark gray 
.Fine t o  medlum poorly graded sand 
Hlth silt F1LL;molit - Ian 
Fine to medlum sandy lean clay, 
contains organlc matter..moist - dark' 
gray and brown 
Fine 10 medium silty sand FILL, moist - 1'- 

j eo, wet 

17.0 . 
Fine l o  medium clayey sand, wet - tan 

19.0 
F h e  lo medlum silly sand, wet - tan 

1 do, Gray, dark gray and brown 

7.0 
Fine clayey sand, wet - tan and 
brown 

1 conf/nuea on next page 

I 
ments: 
Borlng backfilled upon 8 day ground water measurement. 

1 
CLAS 

- 
FILL - 
FlLL - 
FILL 

- 
FILL 

- 
FlLL 

- 
SC 

SH 

- 
SC 

- 

- 

REHARKS 

DIKE FILL 

ALLUVIUM 

NORFOLK 
FORMATION 
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lrlng Contractor: Fishburne Oriling Service% Inc. . Chesapeake, Virginla 

XHNABEL ENGINEEAING ASSOCIATES ProJect Ash Fill Expansion 
ONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energ Cenier 

TEST BORING LOG Chesapeake, Virginia 

~r lng Foreman E. Hester ' . ., 
Iiilng Hethod 2 15/16" 0.0. Roller ~iL%ud Rotary 
iiiing Equipment: CME-45C 
:A Represenfatlve: J. Hollowell 
ltes Started 7/15/89 Finbhed 7/15/99 
ication: See Locatlon Pian, Figure Ai 

ound Surface ElevaUon: 25.01 

EPTH 
IFTJ STRATA DESCRIPTION 

Contract Number: 993318 . 
Boring Number: 8-107 
Sheet: I of 3 

I 
Topsoil 

I Ground Hater Observations ... 

8.0 
Fine to medlum silty sand FILL, moist - 
dark tan 

do, contains shell fragments, lean clay 
pockets and fly ash 

12.0 1 Silt with sand FLY ASH FILL, Wet - . 
dark gray 

organic matter, wet - dark gray 

I continued on next page 

I Date I Tlme I Depth 1 Casing I Caved 

__L 

:LASS. 

- - 
FILL - 
FILL 

- 
FILL 

- 
FILL 

- 
SM 

mmentl: 
Boring backfilled upon 4 112 day ground water measurement. 

Encountered 

Completlon 17/15 

L 
REHARKS 

.IZ.O 

!:I9 

1:58 

10:47 

Casing Pulled 

Started mud 
drilling at 4' 

715 

7/15 

DIKE FILL 

r" 

-- 945 

-- 
15.5 

20.0 4 1/2 Day 1 7/20 
I 

SLUICED ASF 
FILL 

-- 

ALLUVIUM 

-- 
-- 
-- 

-- 
30.5 

20.3 
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- 
- 
- 
- 
- 

10.0 
Silt With sand, net - dark gray - 

- 
- 
- 
- 
- 

fat Clay lense3 andshell fragments, 
Wet - dark gray 

- dark gray and gray 

do, contains clayey sand lenses, gray 

. . 

4 

6: 

50 

Borlng backfilled upon 4 V2 day ground Hater measurement. 

NORFOLK 
FORMATION 

YORKTOWN 
F O R M A T I O N  
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3orInp Contractor: Fishburne Orlling Services. Inc. 
Chesapeake, Virglnia 

3orlng Foremari E. Hester . 
lrllllng Method 3 7/8" 0.0. Roller Bit dud Rotary 
Irllilnp Equipment: CUE-4% 
iEA RepresentaUve: J. Hallowell 
late3 Started 7/20/99 Flnlahed 7/20/99 
.ocatlon' See Location Plan. Figure A l  

Contract Number: 993318 . 
Boring Number: 8-IOTA ,, , 
Sheet: I of  2 

SCHNABEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG 

Prolect:.Ash Fill Expansion 
Chesapeake Energy Center 
Chesaoeake. Viroinia 

14.0 
Mud Rotary probe to 42 11: see Bo:hg 
8-107 for strata descrlptlon. 

iround Surface ElevaUon' 25.01 

DEPTH 
IFT.) 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

12.0 - 
- 

I 

sments: 
Boring backfilled upon completion. 

Ground Water ObservaUons 

, 
STRATA DESCRIPTION 

Mud Rotary probe to 12 ft: see Boring 
8-107 for rtrata descrlptlon. 

Silt W i t h  sand FLY ASH FILL, net - 
gray 

- 
FILL 

- 
:Liz 
IFT - 

13.0 

11.0 

- 
- 

I Date 

REMARKS 

Encountered 

T h e  I Depth I Carlng I C a k d  

SLUICED ASH 
FILL 

-- -- 
-- 

4:42 

-- 
-- 
10.7 

Completion -- 
-- 
-- 
-- Caslng Pulled 1 7/20 

-- 
-- 

42.5 
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SCHNABEL ENGINEERING ASSOCIATES Prolect Ash Fill Expan. 
:ONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG 
Chesapeake E 
Chesapeake. \ 

STRATA DESCRIPTION 

Mud Rotary probe to 42 ft: see Boring 
B-I07 for strata description. 

Fine to medium sandy tat  clay, net - 
gray 

Boring terminated at 4 8  t t  

. . 

renta. 
Borlng backfilled upon completion. 

110 
ne 
fir! - 
ILE 
IF: - 

n. 

21.1 

~ - 

Contract Number: 893318 
Center Borlnp Number: 8-IOTA , , , Sheer 2 of 2 

IPLING 
DATA 

r 
4/24 

I 
1/24 . 

.- 
REMARKS 
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Boring Contrxtor: FlshbJrne Dril!ng Services. Inc. 
Chesapeake, Virghia 

SCHNABEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG 

3orlng Foreman E. Hester . 
Irililng Method 2 15/18" 0.0. Roller 8 i ?~ud  Rotary 
3rlliing ~qulpment: CME-~SC 
SEA Repreaentatlve J. Hollowell 
lates Startee 7/14/99 Flnlahed 7/14/89 
.ocatlon See Location Plan. Figure Al 

Ground Hater Observatlona .. 

Project: Ash Fill Expansion 
Chesapeake Energy Center 
Chesapeake. Virginia 

Fine to coarse silty sand FILL. 
contalns organic matter, crushed 
stone and shell fragments, moist: 

Contract Number: 893218 
Borlng Number: 8-108 , 
Sheet: I ot 2 

:round Surface ElevaUo~ 25.5 t 

do, contalns lean clay packets, dark. 
brown 

DEPTH 
(FT.) 

8.0 / do; d a r k y ' a n d  g r y  

Fine to coarse poorly graded sand 
FLY ASH FILL, trace silt and gavel, 
wet - dark gray 

' 

STRATA DESCRIPTION 

FILL, contains tat clay layers, net 7 
dark g a y  

Comments: 
Boring backfilled upon completion. . .  . 

- 
- 
- 
- 
- 
- 
- 

22.0 - 
- 
- 
- 
- 

!7.0 - 
- 
- 
- 

Fine to medlum sandy rllt FLY ASH 
FILL, conlains mica, wet - dark gray 

File to medium silty sand, contains 
organlcmatter, wet - gray 

conUnued on next page 

1 

CLAS: 

- 
FILL 

- 
FlLL 

- 
FILL 

. . 

- 
FILL 

SM 

- 
- 

- 
ILE 
(fl - 

17.5 

13.1 

3.5 

-L5 

- 
- 

I Date 

A 
REMARKS 

Encountered 

~oinp~etion 

Cadng Pulled 

DIKE FILL 

7/14 

7/14 

7/14 

Tlme I Depth 

SLUICED ASH 
FlLL 

1137 

1152 

12:02 

Caahg I Caved 

ALLUVIUM 

22.0 

-- 
10.2 

-- 
-- 
-- 

-- 
-- 

38.7 
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- 
DEP' 
(F1 - 

32.0 

37.0 

40.0 

- 

SCHNAEEL ENGINEEUNG ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG 

STRATA DESCRIPTION 

Fine to medium i i l i y  sand, contains 
Organic matter, net 7 gray 

Prolect Ash Fill Expansion 
Chesapeake Energy Center 
Chesapeake. Vlrginia 

Fine to medium silty sand, we1 - brown 
and tan 

Contract Number: 893318 
0orlng.Number: 8-108 . . 
Sheet 2 of 2 . . 

Fine to medlum poorly graded sand. 
He1 - dark brown and tan 

Boring termhated at 40  i t  

- 
ELt 
IF' - 

-8 

-11. 

-14 

- 

REMARKS 

ALLUVIUM 

Comments: 
Oaring backfilled upon completion. 
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SCHNASEL ENGINEEZNG ASSOCIATES Project: Ash F;I Expan~ion Contract Number: 893318 
:ONSUL'iING GEOTECHNICAL ENGINEEX Chesapeake Energy Cent?[ Boring Number: 6-109 

TEST BORING LOG Chesapeake. Virginia Sheet i of 2 . . 
lorlng Contractor: ~i3hbur"e Drlllng Services, Inc. 

Chesapeake. Vlrglnia . 
lorlng Foreman' E. Heater ' 

lriilhp Method 2 15/18" 0.0. Roller Bl(:Mud Rotary 
lrnllng Equipment' CME-45C 
iEA Repreaentatlve: J. Holloweil 
latea Started 7/18/89 Finlrhed 7/18/99 
ocatlord See Location Plan, Figure A l  

round Surface EievaUon: 21.5 t 

I Ground Hater Obaervallons 
I Date Time Depth Caalng Caved 

Encountered 7/18 058 10.0 -- -- 
CoinpleUan 7/18 -- -- -- -- 

Caslng Pulled 7/18 9:20 Or9 -- 12.3 

IEPTH ( 
IFTJ STRATA DESCRIPTION 

I 
Topsoil 
Fine to coarse poorly graded sand 
with silt FILL, trace gravel.moist - 
Fine to medium silty sand FILL, moist - - tan and dark tan 
do, flne to coarse, trace gravel, 4 contains shell fragmgnta, brown 

8.0 ' 
Flne to medium poorly graded sand 
nlth silt FILL. molst - tan 

do. wet 

10.0 

dark gray 

Fine to medlum sandy lean clay, 
contains organic matter. met - dark 

Flne to medlum silty sand. wet - gray 

continued on next page 

iniments: 
.Boring backfilled upon completion. 

2 

:LASS, 

- - 
FILL 

- 
FILL 

- 
FILL 

- 
FlLL 

- 
CL 

- 
SM 

TRA] SAHPLMG ' 
ruu DEPTH I DATA 

REHARKS . 

DIKE FlLL 
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Number: 893318 
mbec 8-109 , . 

O f  2 . . 

Qray and brown 

Fat clay, trace sand, contains silty 
I sand lenses, wet - dark gray 

0 

Fine to medium clayey sand, wet - , sc 
Qray and brown 

Fine to medium sllty sand, contains 
shen fragments, wet - tan 

SH 

. . 1 ,  
ackfilled upon compietlan. 

REMARKS 
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I . - I 

3orlno Contraclor: Flshburne Orllina Service,. he. 1 Ground Hater Observations 

SCHNABEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEEAS 

TEST BORING LOG 

lrllllng Method 2 15/18" 0.0. Roller ~ ~ t h u d  Rotary 
lrilllng Equipment' CME-45C 
SEA Representatlvc J. Hoilo~eil 
latea Started 7/19/89 Finished 7/19/99 
.ocatlon: See Locatlon Plan, Figure A1 

Prolect: Ash Fill Expansion 
Chesapeake Energy Center 
Chesapeake. Virginia 

- -. ..... = - - . . - - - , - . . -. 
~hesapeake, Virglnla 

3orlng Foreman: E. Hester 

;round Surface Eleuatlord 21.51 

Contract Number: 993318 . 
Borlng Number: B-109A . ,. 
Sheet I of 3 

I Date 1 Time I Depth 1 Carlng I Caved 
Encountered 1 7119 1 -- I -- -- -- 

DEPTH 
STRATA DESCRIPTION 

Auger Probe to 33 11: see Boring 
8-109 for strata description. 

con.Unued rm next page 

' REHARKS 

I I I I I 

coipletlon 1 7/19 1 1:29 ( -- I 

Commentx 
Boring backflled upon completion. 

-- -- 
Casina Pulled I. 7/19 1 220  1 12.5 1 -- 1 78.5 
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Auger Probe to 33 f t :  see.8oring 
8-109 for strata description. J 
Fat clay, trace sand, motst - gray 

33.0 1- 
I 37'0 

Auger Probe to 83 ft: see Boring 
B-IOQ for strata descrlptlon. 

- 
- 
- 

3.0 - 
File to coarse sllty sand, contalns - shell fragments, wet - tan 

- . . 
- 
- 
- 
- .  

REHARKS 

NORFOLK 
FORMATION 

YORKTOWN 
FORMATION 

. . 

41881



- 
DEPT 
(FT. - 

10.0 - 

- 

SCHNABEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG 

STRATA DESCRIPTION 

Project: Aah Fill Expansion Contract Number. 993318 
Chesapeake Energy Center Borlng Number: 8-109A . .. 

Fine to coarse i i l ty  sand, contains 
shell fragments, wet - t a t  

Chesapeake, Virglnia Sheet 3 of 3 

Borlng termlnated at 100 f t  

CLASS 

- 
SM 

. ,.<..: 

REMARKS 

' Comment-. 
Borlng backfilled upon completion 
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TEST BORING LOG 

Borlng Foreman' E. Hester ' 

Orllllng Method 2 15/18" 0.0. Roller 8i:Hud Rotary 
Drllllng Eqlpment: CME-45c 

Dates Started 7/14/99 Flnlahett 7/14/99 
Locatlan' See Location plan, Figure A1 

SCHNABEL ENGINEERING ASSOCIATES Project: Ash Fill Expansion 
CONSULTING GEOTECHNICAL ENGINEERS Contract Humbes 993318 

Chesapeake Energy Center 
TEST BORING LOG Borlna Number: 8-110 . . 

Chesapeake. Virginia Sheet I of 2 

Boring Contractor: Fishburne Driling Servlc&. Inc. Ground Water Observatlons 
Chesapeake, Virglnla I Date Time 1 Depth Cashg Caved 

Borlng Foreman' E. Hester ' Encountered 7/14 1% 10.0 -- -- 
Orllllng Method 2 15/18" 0.0. Roller 8i:Hud Rotary 
Drllllng Eqlpment: CME-45c Completlon 7/14 208  -- -- 
SEA RepresentaUvr J. Hollowell Cashg PuUed 7/14 214 0 -- 27.3 
Datt 

l ~ r o u n d  Surface ~ l e k t l o n :  25.01 

DEPTH 
(FTJ STRATA DESCRIPTION 

Fine to medlum silty sandFILL, 
conteins sheU frapments, rnolat - dark 
brown and brown 

. '1  do, contains sheil fragments 

Fine to medium poorly graded sand 
FLY ASH FILL, trace.grave1, molst - 
dark gray 

17.0 
Fine to medium silty sand, wet - dark 
gray . 

Flne rilty sand, wet -dark gray, - . 

. . 

27a0 
with silt, wet - dark gray and gray 

1 continued M next page 

CLAS! 

- 
FILL 

- 
FILL 

- 
FILL 

- 
FILL 

- 
SH 

- 
SM 

- 
P-SM 

- 
- 

- 
ELE 
(F! - 

23.8 

17.C 

13.C 

8.0 

3.0 

-2.0 

- 

REMARKS 

DIKE FILL 

SLICED ASH 
FILL 

ALLUVIUM 

NORFOLK 
FORMATION 

Comnents: 
Borlng backfilled upon oompletlon. 
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- 
OEP' 

[F l  - 
32.C 

37.0 

40.0 

I STRATA DESCRIPTION 

Fine to medium poorly graded sand 
with silt, wet -dark gray and gray 

Fine to medium poorly graded sand, 
trace silt, we! - dark gray and gray 

Fine to medium poorly graded sand 
with Silt. moist - tan and red brown 

Boring terminated at 40 f t  

Commcnls: 
Boring backfilled upon completion. 

SCHNABEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG - - 
CLAS 

- 
SP-s 

- 
SP 

- 
SP-St 

Prolect Ash Fiii Expansion Contract Number: 993318 
Chesapeake Energy Center Bahp Number: 8-110 *.: 
Chesapeake. Virginia Sheet 2 of 2 

NORFOLK 
FORMATION 

TH 
..I - - 

I 

- 
- 
- 

- 
- 
-- 

- 

- 
- 
- 

-. 

- 
REHARKS 

- 

- 
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SCHNABEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expansion 
CONSULTING GEOTECHNICAL ENGINEEaS Contract Number: 893318 . 

Chesapeake Energy Center 
TEST BORING LOG Borlng Number: 8-111 ... 

Chesa~eake. Virsinia Sheet: 1 of 3 
I . - . -. - 

Borlng Contractor: Fishburne Orlling Services, Inc. Ground Hater Observations 
ChesaDeake. VCainia 

aonng roremari I. uonanue 
L Encountered 1 7/15 ( -- 1 

Orllllng Method 2 15/16" O.D. Ro"- O:' "-I--.. 

lrllilng Equlprr--" pL'C-'Cp -- . Completlon 7 -- -- -- 
,=,a,. b m c - . , a b  

SEA ReprelentaUve: J. Trlmyer Casin~ Pulled 1 7/15 1 3:15 1 --' I -- I -- 
lates Started: 7/15/99 Flnlshed 7/15/99 
-0CaUOn: See Location Plan, Flgure A1 

jround Surface Elevation: 28.0 t 

DEPTH 
IFT.1 STRATA DESCRIPTION 

Fine sandy slit FLY ASH FILL, moist - - black 

- 
- 

3.7 - Flne to medium poorly graded sand, - trace silt FILL, rnolst - tan 

- 
- 
- do, contairu shell fragments and 

sandy silt pockets 

- 
- 

12.0 . Fine sandy sat FLY ASH FILL, moist - - black 

- 
- 
- 
- 
- 
- 
- 
- 

29.0 
Fine to coarse poorly graded sand 

"Ith s%K& ~~an~X5'p"aW'B 

1 I 
'Comments: 

Boring backfilled upon 4 112 day ground water measurement. 

:LAS! 

- 
FlLL 

- 
FlLL 

- 
FILL 

FILL 

- 
P-SM - 

DIKE FlLL 

SLICE0 ASH 
FILL 

No recovery 

NORFOLK 
FORMATION 
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(FT.) OEPTH I STRATA DESCRIPTION 

SCHNABEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG 

I 

Fine to coarse poorly graded sand 
with slit, wet - gray brown' 

Project Ash Fill Expar 
Chesapeake l 
Chesapeake. 

38.0 
Fine to medium clayey sand, moist - 
tan and brown 

13.0 
Fine to medlum clayey sand, conta:ns 
she![ fragments, moist - flpht gray 

i : .  

dd, gray and green gray 

- 
CLAL 

- 
SP-C 

- 
SC 

- 
SM 

- 
SM 

- 
SC 

- - 

Contract Number. 993318 , 
Center Borlng Number: 8-111 .. . 

Sheet 2 of 3 -. 

REMARKS 

No recovery 

NORFOLK 

I 
FORMATION 

Commenls: 
Boring backfilled upon 4 i12 day ground water measurement. 
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SCHNABEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expansion Contract Number: 893318 . 
ZONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: 8-111 ..: 

TEST BORING LOG Chesapeake. Virginia Sheet 3 of 3 

STRATA DESCRIPTION 

Fine to medium clayey sand, contains 
shell fragments, molst - gray and 
green gray 

do, fine to coarse 

Fine to coarse silty sand, contalns 
shell fragments, wel -gray 

Boring terminated at 100 11 . 

Comment% 
Boring backfilled upon 4 112 day ground water measurement. 

REMARKS 
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SCHNABEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expansion 
CONSULTING GEOTECHNICAL ENGINEERS Contract Number: 893318 

Chesapeake Energy Center 
TEST BORING LOG Bcrlng Number: 8-112 . . 

Chesapeake, Virginia Sheet I of 2 

Borlng Contractor: Fi~hburne Orlling Services, Inc. Ground Hater Obswvatlons 
Chesapeake. Virginia 1 Date I The  I Depth I C2 

Boring Foreman: E. Hester , . 
Encountered 7/14 251 12.0 - 

Drllilng Method 2 15/i8" 0.0. Roller BitS>ud Rotary 
Orililng Eaul~ment CUE-4x completion 1 7/14 I 318 I -- I - 

 sing I Cavec 

qs - . .  - - 
SEA Representative: J. Hollowell 
nates Started 7/14/99 Flnlshed 7/14/99 
lo cat lo^ See Location Plan, Figure Al . 

W u n d  Surface Elevation: 25.5i 
I 

DEPTH 
IFT.) STRATA DESCRIPTION CLAS 

4.0 - 
Fine to medium silty rand FILL, brown - and tan . FILL 

-7 

8.0 1 
Fine to medium poorly graded sand FILL 
FILL, trace silt, moist -gray and tan 

. . 
120 - 

Silt with sand FLY ASH FILL. net - - dark gray FILL 

- 
- 

cwtlnued an next page 
- 

ments: 
Borlng backfilled upon 8 day ground water measurement. . . 

L 
Com 

T R A ~  SAHPUNG 
TUH DEPTH I DATA 

:g REHARKS 

Started mu! 
drilling a t  4 

SLUICED ASt 
FILL 

NORFOLK 
FORMATION 
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STRATA DESCRIPTION 

Fine silty sand; wet -dark gray 

Fine to medium poorly graded sand, 
trace siit, wet - gray 

Fine to medium poorly graded sand 
wilh siit, wet - tan 

Boring terminated at 40 11 

- 
CLAS! 

- . SM 

- 
SP 

- 
SP-Sb 

n 
rgy 
ginia 

Conlract Number. 893318 
Center Borhg Number: 8-112 .' . . 

Sheet: 2 of 2 

REHARKS 
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Borlng Foremax E. Hester . 
Drlillng Method 4 114" Holly Stem ~ug;r 
3rlUlng Equlprnent CME-4% 
SEA Representallye: J. Hollowell 
la te r  .Started 7/15/-99 Flnlshect 7/15/99 
.ocallon' See Location Plan, Figure A1 

SCHNABEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG ' 

;round Surface Elevatlom 52.0: 

Prolect: Ash Fill Expansion Contract Number: 893318 
Chesapeake Energy Centcr Borlng Number: 8-113 . 
Chelapeake. Virginia Sheet I or 1 

DEPTH ( 
(FT.1 STRATA DESCRIPTION ' 

Boring Contractor: Fishburne Oriling Services, Inc. Ground Hater Observations 
Chesapeake. Virginia 

I '  
Silt wlth sand FLY ASH FILL, dry - 
dark gray 

do, wet 

CLAS 

- 
FILL 

L 

REMARKS 

f' 

DRY ASH 
FILL 

Cornmenla: 
Borlng backlilied upon I8 hour ground water meas'uremenl. 
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I r l l l ln~ ~ e t h b d  2 15/18" 0.0. Roller Blt kud Rotary 
IrlUinQ Equipment: CME-45C . 
SEA ~epresent&e J. Hollowell 
lates Started 7/12/89 Flnlshed 7/12/99 
.ocation: See iocation Plan, Figure Al 

iround Surface ElevaUox 3.5 t 

DEPTH 
fFT.1 STRATA DESCRIPTION 

Topsoil 
Fine to medlum rllty sand, contains 
organlc matter, molst -dark gray and 

I 
Flne to medium clayey rand, contalns 
organic matter, wet - dark gray , 

4 do, contains silty sand lenses 

Fine to medium silty sand, contalns 
organic matter. wet - dark brown 

8.0 
Flne to medium poorly graded sand 
Wlth silt. wet - tan 

12.0 
Flne to medlum clayey rand, wet - 
llght gray 

17.0 
Flne to medium Sandy lean clay, wet - 
llght tan 

22.0 
Fine to medlum clayey rand. wet - tan 
and brown 

cantlnued on next page 

TAA- SAHPUNG 
TUH DEPTH DATA 

i+2+1/12 - - 
- - 

l+i+l/12 - - 
B2 - - 

WOR/12+WOHi 
- 5 -  
- - 

2+2+3ti - - 
-- - 

2+2+2+3 - .- 

-10- . 
- 

- - 
C 

l+l+l+l 

15 1 rm 
- - - - 

- 
1+1+1+1 
PP<0.5 TSF 

2+2+2+2 
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Fine to medium clayey s a g  wet - tan 
and brown 

do, dark gray 

Fat clay wlth sand, contains mica, wet .- dark gray 

Boring terminated a t  40  f t  

:ill Expar 
aoeake I 

SCHNABEL ENGINEERING ASSOCIATES ProJect Ash f CONSULTING GEOTECHNICAL ENGINEERS Ches 
TEST BORING LOG Ches, I 

- 
Contract Number: 993318. 

Center B0rlnQ Number: 8-114 a . 
Sheet: 2 of 2 . 

2+2+3+4 
PP4.5 TSF 

REHARKS 

NORFOLK 
FORMATION 
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SCHNABEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEERS 

TEST BORING LOG 

organic matter and s l ty  rand lenses, 

8.0 

30rlnQ Contractor: Fishburne Oriling Services, Inc. 
Chesapeake, Virginia 

30rInQ Foreman' E. Heater . 
3rllllnQ Method 2 15/18" 0.0. Roller 8 i t h d  Rotary 
IriiIhQ EquQment: CMEJSC 
SEA RepreaentaUve: J. Hallowell 
latea Started 7/12/89 Flnlahed 7/12/99 
.ocatlon' See Location Plan, Figure Al 

:round Surface  leva^& 9.0 t 

4 orpanlc matter, moist - dark dray and 

Ground Hater Observations 

Prolect Ash Fill Expansion 
Chesapeake Energy Center 
Chesapeake, Virginia 

DEPTH 
IFT.) 

- .  I gray 
I 

Fine to medlum clayey sand, wet - tan 

Contract Number: '883318 . 
BorlnQ Number: 8-115 ,. . 
Sheet: I of 2 

STRATA DESCRIPTION 

do, contains mica, tan and gray 

Topsoil 

Cantlnued on next page 

L 
Comnents: 

Baring backfilled upon completion. . . 

1 Date I Time t Depth I Caslng I Caved 
Encountered 1 7/12 1 1:08 1 8.0 ' 1 -- 1 -- 

- I Completion .I 7/12 1 I I -- I -- I -- 
~ a a l n ~  Puned 1 7/12 1 1:45 1 7 . i  I -- 1 -- 

I I I I I 

--L 

CLASS 

- - 
FILL 

- 
SC 

- 
SM 

- 
SC 

L 
REMARKS TRAJ SAMPLING 

TUM .DEPTH DATA 

FILL A2 

-- 

B2 

-- 
ALLUVIUM 

Started mud 
driiiing a t  8' 

. - - 
- - 
- - 

- 
- 5 -  
- - 
- - 

- 
- - 
-10- 
- - 
- - 

HOH+2+3+3 

4+5+4+4 

2+3+4+5 

2+3+2+5 

1+1/12+1 

- - 
- - 

2+1+1+1 
C 

20 .... 

3+3+2+2 

- 
- - 

- .  
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- 
DEP 
LFi - 

10.0 

Fine to medium ctayey saqd, contains 
mica, wet - tan and gray 

do, trace gravel, brown and dark gray 

. . 
Boring termhated at 4 0  11 

Comment.. 
Borlng backfilled upon completion. 

CLA! 

- 
SC 

NORFOLK 
FORMATION 

41894



I Encountered 1 7/12 

SCHNAGEL ENGINEERING ASSOCIATES 
CONSULTING GEOTECHNICAL ENGINEMS 

TEST BORING LOG 

3rlIllng Equipment: CME-45C 
SEA Re~resentatlve:' J. Hollowell 

- 
ProJect Ash Flil Expansion 

Chesapeake Energy Center 
Chesapeake, Virginia 

I 

late3 Started 7112IQB Flnlshed 7/12/99 
.ocatlon: See Locatlon Plan, Figure A1 

Contract Number: 993318 , 

Borlng Number: 8-118 , , . 
S k e t  I of 2 . . 

nQ Contractor: Fishburne Drlihg Services! 1nc. 
Chesapeake. Virglnla 

" 0.0. Roller Git'Mud Rotary 

?round Surface ElevaUoh' 1O.Oi 

DEPTH 
(FT.1 STRATA DESCRIPTION 

Topsall 
Fine to medium poorly graded sand 
with silt FILL, molst - tan 
do, conJains shell fragments 

4.0 
Fine to medium silty sand FILL. net - 
bronn and dark gray . 

~ i m ~ l e t l a n  1 7/12 3:44 1 -- I -- -- 

. Ground Hater Obaervatlons 

Fine to medium clayey sand, contains 
organic matter and snty sand lenses, 
net - dark gray 

I Date 
4 

t2.0 1- Fhe to medlum silty sand, wet - tan . . 

Cashg Pulled I 7/12 1 349 7.0 -- 38.0 

I I I 

Caved 
-- 

Tlme I Oepth I Caslng 

- 
- 
- 

22'0 - 
- 
- 
- 

- 
- 
- 
- 

CLASS 

- - 
FILL 

- 
FILL 

- 
SC 

- 
SM 

7 

SC 

- 

318 

Fine clayey san4 contains sllty sand 
lenses, wet - tan 

. . 

- .  

do, trace gravel, brown and tan - 

Continued on next page  

TRA- SAMPLING 
TUM DEPTH DATA 

HOH+1+3+3 - - 
- - 

8+8+Q+Q. 
A2 - - 

- - 
1+2+7+8 

- 5 -  
-- - 

3+4+7& - - 
- - 

WOH+3+1 
82 - - 

-10- 
- - 

-- - 

1 j, 3.5.4.; . . 

15 
- - 
- - 

i :m 8+2+3+4, 
'20 

.... 
C -  - .  

- - 

25 1 3 2+1+r. 

REMARKS 

4.0 

FILL 

Started mud 
drililng a t  4' 

ALLUVIUM 

:' 

'NORFOLK 
FORMATlON 

. . 

-- 

Comnients: 
Boring backfilled upon complellon. 
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DEPTH I 
(FT.1 STRATA DESCAIPTION 

Fine clayey rand, trace gravel, 
contains silty sand lenses: wet - 
brown and tan 

do, fine to medium i 
Fine to medium silty sand. wet - dark 
gray and brown 

Boring terminated at 40 f t  

CLA: 

- 
SC 

St4 

- 

Comments. 
Boring backfilled upon completion. 

) 
SCHNABEL ENGINEERING ASSOCIATES 

CONSULTING GEOTECHNICAL ENGINEERS . TEST BORING LOG 

Prolect: Ash Fill Expan, an 
- 

Chesapeake E ?rgy Center 
Contract Number: 993318 , 
Boring Number: 8-118 ,, , 

Chesapeake, \ ,alnia Sheet: 2 of 2 

- 

: - I5 

- 
- 

-- 0 - 

I 

AA- SAMPLING rl 
UH DEPTH I DATA X )  - 

- 

REHARKS 
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IDENTIFICATION 
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' IDENTIFICATION REMARKS 

. FILL 
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% TO hlEDIDM SVD, TWCE SILT, YiET - 
(5P) 

60, SILT - BEhiWN (S4) 
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Groundwofer Monitoring Plan 
Chesapeake Energy Center 

Appendix B 

Well Schematic and Boring Logs 

Chesapeake Energy Cenler Appendix B 
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=.  Soil Boring Log Borehole Number: MW-4R 

PROJECT INFORMATION DRILLING INFORMATION 
JJECT: Do~nlnian - Chcsaperke E n c r ~ v  Center 

SITE LOCt\TION: Chesapmkc, Vlrginix 

JOB N,\blE: Chesapeake E n r r ~ v  C~cntcr Well hslallatlo 

LOGGED BY: Kevin Garrger 

PROJliLT &I,\Nr\GER: filontgorner). Rrnncfr 

DI\TI-:S DRILLED: WIVZOO~ 

BOREHOLli NO.: hIW-4R 

GES hand eleiucd lo 4 feet below groun 
surface 

DRILLING CO.: Parrall Wallf. Inc. 

DRILLER: Kevin White, Golrgc >lartincie 

1 RIG TYPE: Dirdrich Drill Rig 

METllOD OF DRILLING Hallowstem Auter 

ShMPLlNG M1:TIIODS: Soil cullingr; 5 foot i n l e n d s  

Il,\MklEK: None 

TOThL DEPTiI: . 14 

I Page I o f  I 

,Yell ranslnmion: 10 kc1 o f 4 '  10-slot 
;chedule40 PVC and $of.l" schrdule 
I0 rirer. 3'stiuk-up protmise rirer with 
!'by 2'cancrclc well pad. 

DEPTH 

NOTES: Overcast 6 70 d q e n  F Watcr luvd in carnplctcd wcil NXI = Nor m u r e d  

SOlUROCK 
SYMBOLS SOIL DESCRIPTION PID WELL 

CONSTRUCTION NOTES 
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JAX -!I' OI.[ ' IYEDl I 1  :!I V;\ POIYER EPkC 

. 

PROFILE 

l 

GEOLOBIC DESCRIPTION 

. 

ouer ODCP 

let 

rapeake Energy Center . 
?A-00144 
12/6/62 . 
0: 12/9/62 

I 

sralr rvrfaca covaaao, way ta dark g a y  
fhe randy CLAY wlh Lrscs tn ltUa rDC 
mdaL 

. . 

ENSAT 
maamu ancl- rt-n -nc* 

O R I U  H E W O O :  Hollou Stem Auger 
D R I L L E D  BY: Connelly A m c  
SAMPLE WETHOO: Spnl Spoon 
ELEVATION/COOROiNATES: 
S U R F A C E  F I N I S H :  Sfkk-up, 3 ft. 
LOOQEO BY: AML 

~~p~ ~- 
Tan Lo r a y  flna to namm m a y  CLAY 
wlth lrncc Lo M a  ~ b k  nolrt to wel 
B o l l t a  4' of rpom may clayey SAND 
wlh trace r R  nsl 

Gray and Lan vary fhc ID fbe reu aor lcd 
SAND WlLh VeCe clay and rat: Yet lclav 

L O G  OF BORING MW-5. . 

percent hcrsutsd dk b a h m b t  apoonl- 
a l q  hone madurn 5AHOb~unhout snlb-a 
tpoon 

. . 
page I o f /  

h'dl t c l  PI46 it. 
WH - nslaht of Hammer 
NS - No Sample Recovqed 
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DESCRIPTICN 
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" 5  " > OESCRIPTICN 2 cL C: 
U, FEU "7 
z>- > - a >  3 I " > >  " - C I +  0 0  

+ "  u .-" E: w - z . g  .C: u x g  . U C  -I " W  
m u  O >  CI) - z C C: 
U ,285 z L W " C S  2 

WATZ I A L .  
f: C - 0 a - O r  
U U W O  " C: vl 

CLASSIFICATION 
CW C < C 2 2  % U 0  U 

S 
m s  3 
2 u 

"7 
Z "  2 

5 
C 0 
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BORING LOGAVELL CONSTRUCTION DI,IGRA&I 

- 
Iden~ilicntinn: PO4 1 Lucation: Cl tuqmkc Erma Cunter Projcel No.: 'WJ58.35 

Drilling Cunlmctor: Fi~liburni. Namc ofLogncr: M Ham's Dam: Febluvy 14.2000 - 
Typc: HSA Total.Dcpll~ -21 ll SsrccrJCuingTyps: 0.010 Slot 2' PVC Scrcencd Inlcrval: 21' ro 1 I' 

Blow Rceovery 
Counu (%) 

I 

NIA NIA Greenish-my fine SAND. 

NIA NIA D u k  p y  CLAY. 

24 Dark gmy CLAY. 

3-2-61 70% Dnrk gmi  CLAY with samcsand. 
Water at 14'. 

5 4 1 1  90% L i d ~ ! g r ~ y  sandy CLAY. 
21' 

WELL LEGEND I 
I. PVC Well Riscrset in lucked PVC Riser 
mctd cuvcr in 2x2 formed cancrstc 
pad. 

RESOURCE - INTERN.4TIONAL LTD. 
ENGINEERS * SCIENTISTS 0 SUHVEYDRS * PLANNERS 

ss6a KWCS CII.IR>;X OKIW 0 pa oux m u  0 NIILIHO. "4 Goas 
iaay $50-rmo 6 FAX ( U O ~ I  550-,:SJ 

Nu. 2 hlarie Smd 
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BORING LOG 

I1 -- I- 

Typc: HSA Tutol Oepth: -27.4' ScrcadCasin~Typc 0.OIO" Slot?" PVC Scrrzncd Inlcrval: , 27.4-17.4 

I 

. . 

Sample Description 

hification: CECW-I 

Sample 
No. - 
0-2 

4-6 

9-1 1 

/ L u u n o n : r  Clwapeakc Encrgy Ccnwr Project No.: 9505X.1: 

Blow Cuunls 

Drilling Contclcror. Fishhumc Name ot'Lo~gcr: M. Lccocr Datc 25 August 98 

- 
Rccovcry 
(inchn) 

IS" 

- 
20" 

- 
22" 

Smdy loam to find medium SAND, to gray, tan sandy loosely 
compacted mcdium s a d  

Dark gray silty CLAY, to gmy sandy clay 

Sandy dark gmy CLAY, moisture incrnsing 

1-2-2 spoon 
fcll 6" 

IS" Light to d u k  gmy sandy CLAY, 70 % organics, intcnected 
wmcr mblc 

1-1 spoon 
fcll 12" 

Dark gray sandy la silty CLAY, organics decreasing. .i;ltur&ed 

NIA 

- 

- 

- 

. . 

NIA Not rccovcrcd 

Not to scalc 

1 
VOTES: 11 WELL LEGEND 11 
I .  Well riscr set in 2' X T X 4" concrctcped, 
!. Watw lcvcl is - 17.5'. PVC Riser 

PVC Scrccn 
- RESOURCE - INTERNAT10 NA L, LTD. 
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BORING LOG 

Sample Description 

3 4 4 - 5  1 12" ( Tan medium SAND to tan, brown, onngcsilty clay 

4-7-1 1-14 I I Gmy, brown silty CLAY, to ormgc, tan sandy clay 

5-7-s-s I 20. I Tan mcdium SAND to sandy clay to gray medium sand, 
moisture incrwing 

3 4 - 4 4  24" Tan SAND to brown silty clay with 30 % o&onics. lo light 
gray silty day, intersected wapr vsblc 

I-spuon fell 6" Brown sandy CLAY to gray mcdium mnd, sarurntcd 

NOTES: 
I. Wcll risrrsct in 1' X 1' X 4" concrctc pad. 
2. Watcr lrvcl is - 17.85'. 

11 WELL LEGEND 11 

Not to.scale 

.~~riliwtiun: CECW-2 Lucztion: C l ~ ~ a p c l k c  Encr~y Ccntcr Projcc: Nu.: 95058.17 . 
or ill in^ Contnctur: Fisltbumc Name oTLoggcr: &I. Lccper Dnrc . 25 Au~usc 98 

Typc: HSA Total Dcptl~: -25' ScrecnICsi~ig Type: 0.010" Slut ?' PVC Scrccoed 1nlc.ynl: 

D c p  
h 

(reel) -- 
Satnple 

0 No. - - 
- 0-2 - - 

5 - - 
- 4-6 - - 

10 - - 
- 9-11 - 

15 - - 
- 14-16 - 

20 - - 
- 19-21 - 

-- 
- - 

- RESOURCE I 
I - 7 INTf2RN,4TlONA L, LTD. 

30 - 
- - 

'35 - 
- - 

40 - 
- - 

50 - 

- 
55 - 

- 
60 - 

ENGINEERS . SCIEWISlS  a SURVEYORS 0 PLANNEIIS 
95d0 IV,VCS CII-R U K ~  v P.LL WX GIGO u .LI'IIL~NO. V.1 ~ 0 0 6  

ywr) SM-mu o hx PUII 550-m9 

- 

- 

- 

- 

NO. 2 Murk Sand 11 
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BORING LOG 

Sample Description 

Rr~uvcry Decriptiun a l  klnlrrial 
(inch-) 

Tan, whik medium to finc SAND 

. 10" Tan, whitc mcdium to tine SAND with lenses ofonngc 
medium sand 

24" Tan mcdium to tine SAND to dark gmy silty clay, possibic s h  
I~yrr .  moisture incrcsing 

24" Darkgmy silly CLAY, possible a h  lnyn; intcnccted water 
tablc 

24" Dar!! gray silly CLAY. pussibloash  lay^^, ssnmrntcd 

Not to rcalc 
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BORING LOG 

Ash fill to i~itcbrddcd ran, umnEe and light gny medium 
SAND 

G ~ Y  silly CLAY with interhcddcd tim, brown sand, 
moisturc incrnsing 

15" Gray medium to finc SAND to sandy dark gny clay. 
intencucd warcriablc 

6" Dark gny sandy CLAY, satumtcd 

! Not to scale 
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BORING LOGfiVELL CONSTRUCTION DIAGRAM 

Idcnfificntian: CECW-5 rcplacernmt Locmion: Chcrapcakc E n n g  Crntcr Pmjcct No.: 95058.35 

Drilling Conmctor: Fishburne N a m c o f L o g ~ ~  M Hanir Dare: Fcbrmy IS. 2000 

Type: HSA Tolul Depth: -26 R Serscn/Caring Typc: ' 0.010 Slot 2" PVC Scrcrncd intmnl: 26' to 6' 

Sample D~rcriplion I Well Construction Detail 

S m p l c  ID. 
Depth, fcct 

0-2 

Blow R ~ a v c r y  Dcicripticn of Mntcrial Dcpth 
Counu (%I 

NIA I N/A I Black fmc SAND. I 1' 

NIA NIA Light gray SAND. 

NIA NIA Dark gray CLAY with patcho ofcoarre ycllow 3' 

NIA NIA Light gray CLAY with h c  sand. 
Cunings damp a t 4 ' .  

6-5-12-13 
Dark g y  CLAY. ' 

Spoon uar wct at 5'. . 

14-;-15- 1 o% 1 Nomovcry. 1 Cuttings wcrc wct sandy CLAY. 

16-6-14 No=ovcry. 
Cunings wcrc wct sandy CLAY. 

No rccovcry. . 
. Cuttings were wct sandy CLAY. 

1. PVC Wcll Rircrscl in locked 
mcwl s o v a  in 2x2' formed concrctc 
pad. 

Ccmrnt Gmut ' 

1--. -- I RESOURCE 
7 - INTERNATIONAL, LTD. - 
ENGINEERS q SCIENTISTS 0 SURVEYORS 0 PLANNERS 

ssao XINCS cnmm  OR^ 0 P.a BOX elno 0 ISHUNO. VA MOS 
(WJ sao-9200 e PAX (600 $50-QZSO 

I . / No. 2 Moris Sand I 

41920
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BORWG LOGTWELL CONSTRUCTION DIAGRAM (Page 1 of 2) 

Blow 
Count, - 

2-3-4-4 - 
5-54-4 

Dark gray SAND and SILT. 

4* dark gray CLAY, then 8' light gmy 
SAND, then 4" dark gray CLAY. . 

20" dark g a y  CLAY, .then4"light gay 
SAND. 

1" l i b  giaj SAND, then 1l"yellow 
sand 

Dark gray CLAY. 

8*dadc&CLA~, thtn4"darkgray 
SAND. 

20" Datk SAND, then 2" dark gray 
CLAY. Waterat-11'. . . 

8* dark gray CLAY, then 10" dark p y  
SAND. 

8" dadc gray CLAY, then 4" dark gmy 
SAND. 

2h dark gny CLAY, then 18" light gray 
S A M ) .  

Light gray SAND. 

Light gay SAND. 
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Groandwter Monmnng P l m  
Chempeoke Energy Cenicr 

Appendix C 

Chain of Custody Form 

Chesopeoke Energy Center Appendir C 
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Groundwater Monitoring Plan 
Chesapeake Energy Center 

Appendix D 

Field Sheets 

Cheropeoke Energv Cenrer Appendix D 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMI-ANNUAL arrival time departure time Well Sampling Order 

INFORMATION check-in Paul Dickson MW4 

well # ' MW4R weather obs MW5 

date PO8 

sampled by inst.# Date CECW5 
Instrument calibration CECWGI 

MEASUREMENT  PO^ 

a) well depth 14.5 benchmark elevation - 14.12 CECW4 

b) depth to water b) depth to water CECW3 

corrected water level POIO 
Electronic Tape X CECW2 
Immiscible Layer Y n 
Time well purged 

SAMPLING BOTTLE ORDER 

CECWl 
POI I 

time size of sample preservative 

temperature  TOTAL METALS 1000 1:l HN03 
conductivity 2.SULFIDE 500 ml 6~ NaOHlzinc acetate 

ph 3,Acenapthene and Dibenzofuran---outside lab 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value 32 nlu 

WELL LOCKED - 
Notes 

Take three readings prior to sample 
TIME PH CONDUCTIW Turbidity DRAWDOWN 

1 1 1 I 1 

""PLEASE USE INK PEN"" 
For low protocol 
pH <0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMI-ANNUAL 

INFORMATION 
well # 
date 
sampled by 

MEASUREMENT 
a) well depth 
b) depth to water 

Electronic Tape 
Immiscible Layer 
Time well purged 

SAMPLING 
time 

Well Sampling Order 

MW4 

M W5 weather obs MW5 
PO8 
CECW5 
CECWGI 

PO9 

14.43 CECW4 14.5 benchmark elevation 
b) depth to water CECW3 - 
corrected water level POIO 

X CECW2 

BOTTLE ORDER 

temperature 
conductivity 

Equipment decon 
rinse water level indicator with D.I. Water prior to next use 

CECWl 
POI1 

size of sample preservative 

?.TOTAL METALS 1000 ml I:? HN03 
2.SULFIDE 500 ml 6N NaOWzinc acetate 

3,Acenaphthene and dibenzofuran------outside lab 

Turbity value 15 NTU 

WELL LOCKED 
Notes 

Take three readings prior to samole 
TIME PH CONDUCTIVTY Turbidity DRAWDOWN 

1 1 1 
2 2 2 
3 3 3 
4 4 4 
5 5 5 
6 6 6 
7 7 7 

""PLEASE USE INK PEN*"' 
For low protocol 
pH <0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMI-ANNUAL Well Sampling Order 

INFORMATION M W ~  

well # PO8 weather obs MW5 

date 
sampled by 

MEASUREMENT 
a) well depth 
b) depth to water 

Electronic Tape 
Immiscible Layer 
Time well purged 

SAMPLING 

14.68 CECW4 16 benchmark elevation - 
b) depth to water CECW3 
corrected water level - Polo 

BOTTLE ORDER 
time size of sample prese~ative 

temperature ?.TOTAL METALS 1000 mi 1: l  HN03 
conductivity 2.SULFIDE 500 mi 6N NaOWzinc acetate 

ph 3. Acenaphthene and Dibenzofuran----outside lab 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value 32 nlu 

WELL LOCKED 
Notes 

CONDUCTIVTY Turbidity DRAWDOWN 
4 1 

**"PLEASE USE INK PEN"" 
For low protocol 
pH ~ 0 . 1  units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMIANNUAL Well Sampling Order 

INFORMATION M W ~  
well # CECW5 weather obs MW5 

date PO8 
sampled by CECW5 

CECWGI 

MEASUREMENT  PO^ 
a) well depth 26 benchmark elevation 21.87 CECW4 

b) depth to water b) depth to water CECW3 
corrected water level pol0 

Electronic Tape X CECW2 
Immiscible Layer Y n CECWI 
Time well purged P o l l  

SAMPLING BOTTLE ORDER 
time size of sample preservative 

temperature 1 .TOTAL METALS 1000 mi 1:1 HN03 
conductivity 2.SULFIDE 500 ml 6N NaOWzlnc acetate 

ph 3. Acenaphthene and dibenzofuran----outside lab 

Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value 14 NTU 

WELL LOCKED 
Notes 

PH CONDUCTIVTY Turbidity DRAWDOWN 

""PLEASE USE INK PEN**'* 
For low protocol 
pH <0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 

41929



CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMIANNUAL Well Sampling Order 

INFORMATION 
well # 
date 
sampled by 

MEASUREMENT 
a) well depth 
b) depth to water 

Electronic Tape 
Immiscible Layer 
Time well purged 

SAMPLING 
time 
temperature 
conductivity 

CECWG I weather obs MW5 

p08 

CECW5 
CECWGI 

p09 

34 benchmark elevation CECW4 
b) depth to water CECW3 
corrected water level p o l o  

. .,,, 
BOTTLE ORDER 

size of sample preservative 

1.TOTAL METALS 1000 ml 1:l HN03 
2.SULFIDE 500 ml 6N NaOWzinc acelate 

3.Acenaphthene and Dibenzofuran------outside lab ph 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value 24 

WELL LOCKED - 
Notes 

TIME PH CONDUCTIVTY Turbidity DRAWDOWN 

1 1 1 1 1 
2 2 2 2 2 
3 3 3 3 3 
4 4 4 4 4 
5 5 5 5 5 
6 6 6 6 6 
7 7 7 7 7 
8 8 8 8 8 
9 9 9 9 9 

I 0  10 10 10 10 
11 11 11 11 11 
12 12 12 12 12 

**-PLEASE USE INK PEN-" 
For low protocol 
pH <0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMI-ANNUAL Well Sampling Order 

INFORMATION M W ~  

well # PO9 weather obs MW5 

date PO8 
sampled by CECW5 

CECWGI 

MEASUREMENT  PO^ 

a) well depth 10 benchmark elevation - 9.99 CECW4 
b) depth to water b) depth to water - CECW3 

corrected water level - p o l o  
Electronic Tape X CECW2 
Immiscible Layer Y n CECW~ 
Time well purged PO11 ' 

SAMPLING BOTTLE ORDER 
time size of sample preservative 

temperature I.TOTAL METALS 1000 ml 1: l  HN03 
conductivity 2.SuLFIDE 500 ml 6N NaOWrine acetate 

ph 3,Acenaphthene and dibenzofuran---outside lab 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value 10 NTU 

WELL LOCKED 
Notes 

TIME PH CONDUCTlVrY Turbidity DRAWDOWN 

1 1 1 1 1 
2 2 2 2 2 
3 3 3 3 3 
4 4 4 4 4 
5 5 5 5 5 
6 6 6 6 6 
7 7 7 7 7 

'*"PLEASE USE INK PEN"" 
For low protocol 
pH c0.1 units Conductivity +/- 3%of value Tu +/- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 

INFORMATION 
well # CECW4 
date 
sampled by 

MEASUREMENT 
a) well depth 
b) depth to water 

Electronic Tape 
Immiscible Layer 

SAMPLING 
time 
temperature 
conductivity 

weather obs well sampling orde~ 

MW4R 

CECW5 
benchmark elevation CECWGI 
b) depth to water PO9 
corrected water level CECW4 

x CECW3 

ph 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use 

WELL LOCKED 
Notes 

TIME 
1 
2 
3 
4 
5 
6 
7 
8 

CECWl 

POI I 

CONDUCTIVTY Turbidity DRAWDOWN 

1 1 1 

*"*PLEASE USE INK PEN"" 
For low protocol 
pH <0:1 units Conductivity +I- 3%of value Tu +/- 10% ideal less than 10 

41932



CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMIANNUAL Well Sampling Order 

lNFORMATiON MW4 

well # CECW3 weather obs MW5 

date 
sampled by 

MEASUREMENT 
a) well depth 
b) depth to water 

Electronic Tape 
Immiscible Layer 
Time well purged 

SAMPLING 
time 
temperature 
conductivity 
ph 

p09 

28.75 CECW4 24 benchmark elevation 
b) depth to water CECW3 
corrected water level P o l o  

x CECW2 

BOTTLE ORDER 

CECWl 
p011 

Equipment decon 
rinse water level indicator with D.I. Water prior to next use 

size of sample preservative 

i .TOTAL METALS 1000 ml 1:l HN03 
2.SULFIDE 500 mi 6N NaOWzinc acetate 

3,acenaphthene and dibenzofuran-----outside lab 

WELL LOCKED 
Notes 

TIME PH 

1 1 

Turbity value 27 NTU 

CONDUCTIVN Turbidity DRAWDOWN 

""PLEASE USE INK PEN"" 
For low protocol 
pH c0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMI-ANNUAL Well Sampling Order 

INFORMATION M W ~  

well # 
date 
sampled by 

MEASUREMENT 
a) well depth 
b) depth to water 

Electronic Tape 
Immiscible Layer 
Time well purged 

SAMPLING 

POI0 weather obs MW5 

p08 

CECW5 
CECWGI 

p09 

10 benchmark elevation 7.49 CECW4 
b) depth to water CECW3 
corrected water level POIO 

X CECW2 

Y n CECWI 
p011 

BOTTLE ORDER 
time size of sample presewative 

temperature I .TOTAL METALS 1000 ml 1:1 HN03 
conductivity 2.SULFIDE 500 ml 6N NaOHkinc acetate 

ph 3.Acenaphthene and Dibenzofuran---outside lab 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value > I 0  NTU 

WELL LOCKED 
Notes 

TIME 
1 

CONDUCTIWY Turbidity DRAWDOWN 

I 1 1 

""PLEASE USE INK PEN"" 
For low protocol 
pH <0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMI-ANNUAL Well Sampling Order 

INFORMATION M W ~  

well # CECW2 weather obs MW5 

date pot? 
sampled by CECW5 

CECWGI 

MEASUREMENT  PO^ 
a) well depth 25 benchmark elevation 23.35 CECW4 

b) depth to water b) depth to water CECW3 

corrected water level POIO 

Electronic Tape X CECW2 
Immiscible Layer Y n CECW~ 
Time well purged P o l l  

SAMPLING BOTTLE ORDER 
time size of sample preservative 
temperature <.TOTAL METALS 1000 ml 1:1 HN03 
conductivity ?.SULFIDE 500 ml 6N NaOHhinc acetate 

ph 3,Acenaphthene and dibenzofuran----outside lab 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value >I0 NTU 

WELL LOCKED 
Notes 

TIME CONDUCTlVPl Turbidity DRAWDOWN 
1 1 1 

"'*PLEASE USE INK PEN"" 
For low protocol 
pH c0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMI-ANNUAL Well Sampling Order 

INFORMATION M W ~  

well # CECWl weather obs MW5 

date PO8 
sampled by CECW5 

CECWGI 

MEASUREMENT  PO^ 

a) well depth 27.4 benchmark elevation 22.94 CECW4 
b) depth to water b) depth to water CECW3 

corrected water level p o l o  

Electronic Tape X CECW2 
Immiscible Layer Y n CECW~ 
Time well purged POI 1 

SAMPLING BOTTLE ORDER 
time size of sample preservative 

temperature <.TOTAL METALS 1000 ml I:? HN03 
conductivity 2.SULFIDE 500 ml 6N NaOHhinc acetate 

ph 3,Acenaphthene and dibenzofuran---outside lab 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value > l o  NTU 

WELL LOCKED 
Notes 

TIME PH CONDUCTIVTY Turbid~ty DRAWDOWN 

1 1 1 1 1 
2 2 2 2 2 
3 3 3 3 3 
4 4 4 4 4 
5 5 5 5 5 
6 6 6 6 6 
7 7 7 7 7 
8 8 8 8 8 
9 9 9 9 9 

10 10 10 10 I 0  
11 11 11 11 11 
12 12 12 12 12 

**"PLEASE USE INK PEN"" 
For low protocol 
pH C0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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CHESAPEAKE ASH SITE LOW-FLOW MONITORING 
SEMI-ANNUAL Well Sampling Order 

INFORMATION M W ~  
well # P o l l  weather obs MW5 

date PO8 
sampled by CECW5 

CECWGI 

MEASUREMENT  PO^ 

a) well depth ' 21 benchmark elevation 24.42 CECW4 
b) depth to water b) depth to water CECW3 

corrected water level p o l o  
Electronic Tape X CECW2 
Immiscible Layer Y n CECWl 
Time well purged POI I 

SAMPLING BOTTLE ORDER 
time size of sample preservative 

temperature I.TOTAL METALS 1000 ml 1:l HN03 
conductivity 2.SULFIDE 500 ml 6N NaOWzinc acetate 

~h 3,Acenaphthene and Dibenzofuran---outside lab 
Equipment decon 
rinse water level indicator with D.I. Water prior to next use Turbity value >lo NTU 

WELL LOCKED - 
Notes 

TIME PH CONDUCTlVrY Turbidity DRAWDOWN 

1 1 1 1 1 
2 2 2 2 2 
3 3 3 3 3 

"**PLEASE USE INK PEN"" 
For low protocol 
pH <0.1 units Conductivity +I- 3%of value Tu +I- 10% ideal less than 10 
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VADEQ 
March 2008 

TECHNICAL PAPER: 
DATA ANALYSIS FOR 
SOLID WASTE 
FACILITIES 

VIRGINIA DEPARTMENT OF 
ENVIRONMENTAL QUALITY 

The purpose of this document is to address common questions for the solid waste staff 
pertaining to the statistical analysis of groundwater samples at solid waste facilities. This 
document should be used in conjunction with the groundwater monitoring and sampling 
analvsis olan. The statistical methods covered in this document include the most common , . 
statistical analyses used for groundwater monitoring samples at solid waste sites. For 
additional details, please refer to the EPA guidance documents listed on page 7 of this 
document 

Statistical analysis of the groundwater data 
presented in monitoring reports for 
submission to the Virginia Department of 
Environmental Quality (VADEQ), 
Division of Waste Coordination should 
address the following: 

Design of experiment 
Outliers 
Missing data 
Evaluation of data below detection 
limits or quantitation limits 
Checking assumptions (distributions, 
homogeneity of variances) 
Selection of statistical method 
Verification sampling strategy 

The results of the statistical analysis can 
tell you only what the experiment was 
designed to explain. For example, up- 
gradient to down-gradient statistical 
comparisons will indicate if groundwater 

concentrations for a particular constituent 
are different up gradient of the landfill 
compared to down gradient of the IandfilL 
This difference could be due to the landfill 
or due to natural site conditions. The 
ficility must ensure that the design of the 
monitoring network and statistical 
experiment are designed to be able to 
detect a release of solid waste constituents 
ftom the landfill. 

The facility should address natural spatial 
variation of groundwater constituents at a 
site when designing the monitoring 
network and type of statistical 
comparisons which will be performed. 
Two acceptable ways of dealing with 
spatial variability are to perform intra-well 
statistical comparisons only or to install 
additional up gradient or side gradient 
wells to account for natural variations at 
the site. If the facility possesses reliable 
pre-waste data (which have not been 
impacted by site activities) or can 
adequately demonstrate that inorganic 
constituent concentrations in mlls which 
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are located down gradient fkom the landfill 
have not been impacted by site activities, 
the facility may petition the VADEQ for a 
variance from inter-well statistical 
comparisons.   he variance petition should 
be written in accordance with 9 VAC 20- 
80-750 (Virginia Solid Waste 
Management Regulations (VSWMR)) and 
include hydro-geologic information about 
the site, a demonstration that inorganic 
constituent concentrations in down 
gradient wells have not been impacted by 
the landfill, information regarding the date 
waste was originally placed in the landfill, 
and the best estimate possible of 
groundwater flow at the site. If the facility 
is an older site, or it cannot be determined 
that inorganic constituent concentrations 
in groundwater fkom wells located down 
gradient of the landfill are not impacted by 
the landfill activities, the facility can 
install additional up gradient (or side 
gradient) wells to attempt to get a better 
estimate of natural variation at the site. 
Please note that the location of the 
additional up gradient or side gradient 
wells must be approved by VADEQ 
permitting staff. 

The facility should also determine the 
number of background samples which will 
be necessary for the planned statistical 
analysis method and ensure that an 
adequate number of samples have been 
collected prior to the statistical 
comparisons required by the VSWMR. 
The facility should collect an adequate 
number of background dataset for inter- 
well statistical comparisons within one 
year, and an adequate number of 
background samples for intra-well 
statistical comparisons within two years. 
Background for inter-well statistical 
comparisons can be updated with each 
sampling event, unless there is an 
indication that background wells have 

been impacted by the landfill. 
Background for intra-well statistical 
comparisons can be updated every two 
years, unless there is indication of a 
release in the down gradient well. Please 
note that for intra-well comparison a two- 
year time window should be left between 
background for intra-well comparisons 
and compliance samples to ensure that 
samples associated with a slow release are 
not included in the background dataset. 

The facility must sample for all 
constituents required by the VSWMR, 
unless it has been specified in the permit 
or a variance granted by the VADEQ that 
a facility may sample for constituents 
other than the full list required by the 
VSWMR. 

Inconsistently large or small values 
(outliers) can be observed due to errors 
from sampling, laboratory, transportation, 
transcription, or actual extreme values. 
The historical background dataset should 
be screened for each well and constituent 
for the existence of outliers (USEPA 1992, 
section 6.2) using the method described by 
Dixon (1953) or another method approved 
by the VADEQ. Background 
observations, which are considered to be 
outliers, should not be included in the 
statistical analysis to preserve the power of 
the test to detect a release from the facility. 
If an extreme value occurs in compliance 
well during the compliance sampling 
event, the facility should collect a re- 
sample within the compliance period of 
the initial sample. This will enable the 
VADEQ to distinguish between an 
extreme value in a compliance well and an 
indication of a release from the facility. 
Background observations should be 
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evaluated to determine if data is normally 
distributed prior to running the outlier test. 

C. MISSING DATA 

If a sampling event results in a missing 
data value, an attempt to re-sample for the 
missing value should be made within the 
compliance period of the initial sampling 
event. It is recommended.that the re- 
sample be collected as close to the initial 
sampling event as possible to minimize the 
effects of variation due to the differences 
in sample collection time and to allow 
additional time for a verification sample if 
one is needed. 

D. DATA BELOW DETECTION LIMITS 

The facility should use laboratory derived 
limits of detection and quantitation in the 
statistical analyses of groundwater data, as 
opposed to the detection and qmntitation 
limits which have been published for a 
particular analytical method. 

For data where the percentage of data 
below the laboratory limit of detection or 
laboratory limit of quantitation is less than 
25 percent, the facility should replace the 
norrdetects or norrquantified values with 
half the laboratory limit of detection or 
quantitation. However, when the 
percentage of norrdetects or norr 
quantified values is greater than 25 percent 
and less than 50 percent, the mean and 
standard deviation should be adjusted 
using either Aitchison's adjustment 
(USEPA 1992 section 2.2.2 and Aitchison, 
1955) or Cohen's adjustment (USEPA 
1989 section 8.1.3 and Cohen, 1961). 
Extensive tables and computational details 
for Cohen's adjustment are also provided 
in Gibbons, 1994a. The approach for 
selection between the two methods is 
described in USEPA (1992) section 2.2.1. 

E. CHECKING ASSUMPTIONS ASSOCIATED 
WITH THE TEST METHOD 

Parametric statistical test methods assume 
that the data follow a certain distribution, 
for groundwater statistics the distributions 
usually .are the normal and the lognormal 
distributions. The facility must verify that 
the distributional assumptions of a 
particular test method are valid prior to 
applying the statistical test method. 

No testing of normality is needed when the 
percentage of norrdetects or no= 
quantified values is greater than 50%, 
since a norrparametric statistical test 
method should be applied. Most 
parametric statistical tests for 
environmental data will assume the data 
are normally or lognormally distributed. 
The Shapiro-Wilk test, multiple group 
Shapiro-Wilk test or Filliben's correlation 
coefficient test should be applied to the 
dataset to determine the distributional 
form. To test for lognormality, the natural 
logarithms of the original data should be 
taken and tested for normality. The 
facility may use any other appropriate 
method for testing the distributional 
assumptions with approval by the 
VADEQ. 

When the detection frequency is less than 
50% or transformation fails to bring about 
normality, a norrparametric method 
should be used. 

Non-parametric two- or multfsample 
comparisons, such as the Wilcoxon rank 
sum test or the KruskakWallis test assume 
that the dispersion for each group in the 
comparison is similar. This can be 
checked by comparing boxplots of each 
group. 
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F. SELECTION OF STATISTICAL METHOD 

The facility should apply an appropriate 
statistical method consistent with the 
Virginia Solid Waste Management 
Regulations, 9 VAC 20-80-300.D. 

Two- or Multk Sample Comparisons 

If a facility chooses to perform statistical 
comparisons using a two- or multkway 
statistical test method (i.e. t-test, ANOVA, 
Wilcoxon rank sum, KruskakWallis), the 
facility will need to collect a minimum of 
four samples per compliance period. As 
specified in the VSWMR the level of 
significance when performing these tests 
for individual well comparison shall be no 
less than 0.01 and no less than 0.05 for 
multiple comparisons. Due to the number 
of samples which need to be collected per 
compliance period most facilities prefer to 
apply the interval methods for statistical 
analysis associated with a compliance 
sampling event. However, when the intent 
of the statistical analysis is to show that 
meadmedian concentration levels are 
similar between the background and 
compliance area (i.e. a first determination 
for an industrial or CDD landfill) the two- 
or multi-sample comparison statistical 
methods can be useful. 

The facility should check distributional 
assumptions for both background and 
compliance datasets and check 
assumptions of homogeneity of variances 
prior to applying these tests. 
The ANOVA test assumes data are 
normally or lognormally distributed and 
variances are homogeneous across groups. 
The CABF and Welch's t-tests assume 
data are normally or lognormally 
distributed and variances don't differ 
dramatically across groups (these tests 
account for some differences between 

variances). The Wilcoxon rank sum and 
KruskaLWallis tests assume that the 
distributions of the two groups are similar 
(though undetermined). 

Interval Method 

Statistical interval methods commonly 
applied in groundwater data analysis are 
the confidence interval, prediction 
interval, and tolerance interval. Prediction 
and tolerance intervals are often applied 
for compliance sampling events in 
Detection, Assessment, Phase I, and Phase 
II monitoring programs and for 
establishing background-based, 
groundwater protection standards, since 
only one initial sample per well is required 
during the compliance period. Confidence 
intervals are often applied for comparisons 
to a groundwater protection standard 
which is based on a mean or median value. 

For all interval methods, the facility 
should check the normality or log 
normality of the background dataset and 
the percentage of non-detects in the 
background dataset. If the background 
dataset is normally or lognormally 
distributed, and there are less than 50% 
non-detects, then a parametric interval can 
be calculated. If a distribution cannot be 
established for the background dataset or 
50% or more of the data are nomdetects, 
the facility should apply a non-parametric 
statistical limit. 

Suggested sample sizes for the parametric 
and non-parametric versions of the above 
interval methods are provided in the 
attached table. Please note that these 
methods can lead to a higher false positive 
rate or lower statistical power with a 
smaller sample size. However, a statistical 
analysis can be conducted with a smaller 
dataset than the suggested size at any time. 
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It is the responsibilityof the facility to 
collect an adequate number of background 
samples for the proposed statistical 
interval methods prior to the statistical 
analysis event iequired by the VSWMR. 
False positive and false negative rates 
associated with confidence, predictionand 
tolerance intervals must be protective of 
human health and the environment. If the 
facility chooses to apply a false positive 
rate of less than .01, the facility must 
include in the report a demonstration that a 
lower false positive rate will provide 
adequate statistical power to detect a 
release from the facility. Adequate 
statistical power is the ability to detect a 
three standard deviation increase above the 
mean with 50% power and a four standard 
deviation increase above the mean with 
80% power. 

Control Charts 

The Shewhart-CUSUM control chart can 
be applied as an intra-well statistical test 
method. Please note that a variance from 
inter-well statistical comparisons must be 
granted by the VADEQ prior to applying 
an intra-well only monitoring program. 
Details of how to apply Shewhart- 
CUSUM control charts can be found in 
EPA 1992 (section 7). Please note that the 
background dataset can be updated every 
two years if there is no indication of an 
impact from the facility (increasing trend 
or significant result). The facility should 
leave a two-year time window between the 
background dataset and the compliance 
event to ensure that data associated with a 
slow release 6om the facility are not 
incorporated into the background dataset. 

Other Methods 

In the event the facility has selected any 
other method listed in the Virginia Solid 

Waste Management Regulations, the 
facility will collect the appropriate number 
of samples and shall maintain an 
appropriate level of significance 
mentioned above. If the ficility prefers to 
apply a statistical method that is not in 
listed in the VSWMR, the facility must 
receive ,approval from the VADEQ prior 
to applying the test method. 

Comparison of Compliance Well Data To 
A Standard During Assessment Or 
Corrective ActionMonitoring 

In accordance with sections 9 VAC 20-80- 
300.B.3 and 300.C.4vSWMR) the 
compliance data shall be compared to the 
groundwater protection standard (GWPS) 
if down gradient well concentrations 
exceed established background 
concentrations for Table 5.1 constituents. 
If a maximum contaminant level (MCL) is 
promulgated or alternate concentration 
limit (ACL) is established for a 
constituent, and the ACL or MCL is 
greater than the background limit (or 
statistically determined background level), 
the ACL or MCL is t k  ground-water 
protection standard. All new 
concentrations in the assessment or 
corrective action wells should be 
compared to the standard (i.e., ACL or 
MCL) using the lower normal confidence 
limit computed 6om at least four sampling 
values collected during the compliance 
period. The level of confidence of the 
interval should be 80% for a sample size 
of 4-7, and 90% for a sample size of 8-10 
to ensure that the comparison has adequate 
power to detect an exceedance above the 
groundwater protection standard. 

If the groundwater protection standard for 
a constituent is based on background data 
and exceeds the MCL or ACL, then the 
individual point of compliance 

Page 5 of 8 

41943



measurements will be compared to the 
background limit and not the MCL or 
ACL. 

However, for a'particular sampling event, 
if the established groundwater protection 
standard is less than the VADEQ accepted 
quantitation limit (QL) then the QL 
becomes the standard for that sampling 
event, and the compliance well data will 
be compared to the QL. 

The principal advantage of taking a 
verification sample is to maintain an 
acceptable site-wide false positive rate 
while the statistical test has adequate 
power to detect a release fiom the facility 
if it occurs. A verification sampling 
strategy involves collection of a pre- 
planned number of additional samples. A 
facility may choose to apply verification 
samples as follows: 
The 1-ofm approach was initially 
suggested by Davis and McNichols 
(1987). The facility can take as many as m 
samples during the compliance period of 
the initial sampling event and if the 1-of- m 
(usually m=l to 3) sample is below a 
prediction or tolerance limit, the 
constituent is said to have "passed" the test 
at that well. If the facility chooses to apply 
the verification sampling strategy, the 
alpha value should be modified as 
following: 

a. Select a default value for CX = 0.01 
a = 0.01 

b. Pass the first or one of one verification 
resamples, adjust alpha 

I I 

a = (1-.95k)i 
c. Pass the f ~ s t  or one of two verification 

resamples, adjust alpha 

d. Pass the first or two of two verification 
resamples, adjust alpha 

Where k is the number of comparisons and 
a is the site-wide false positive rate. 
Please note that alpha can not be less than 
0.01 unless the facility shows that the 
statistical comparison has at least as much 
statistical power as the EPA reference 
power curves (EPA 1992, Appendix B). 
Since the verification sampling is pre- 
planned, the facility can adjust the upper 
statistical limit calculated for background 
to account for the fact that the verification 
samples will be collected. Please note that 
the regulations do not allow a facility to 
disregard the statistical evaluation in a 
situation when the facility is unable to 
collect a verification sample. Therefore, if 
the facility would like to take a 
verification sample, it should be taken 
during the compliance period of the initial 
sampling event and the statistical result 
must include the verification sample prior 
to submitting it to the VADEQ. The 
verification sample must be independent 
&om the initial sample. 

For questions or comments, please 
contact: 
Hasan Keceli 
Statistican 
Office of Waste Programs 
hkeceli@deq.virginia.gov 
(804) 698-4246 

Aitchison, J. On the distribution of a 
positive random variable having discrete 
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901-908 (1955). 
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3,535-541 (1961). 

Davis, C. B., and McNichols, R. J. (1987). 
One-side intervals for at least p of m 
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Groundwater Monitoring, John Wiley and 
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USEPA, Statistical analysis of 
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1+ Approved by: 

Director 
Ofice of Waste Technical Suopport 

Date: 3/2f\.-10ri. 

Xote: This doccurnent has been reviewed by Waste Division staff. 
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TABLE 1 
SUGGESTED MINIMUM BACKGROUND SAMPLES 

11 Wilcoxon Rank Sum I NA 1 5  I NA 11 
11 Confidence Interval 1 4 1 NA I NA 11 

Non-parametric 
Interval 

% Confidence 

NA CABF/Welch's T-test 

11 Tolerance Interval 1 8 1 l9 I 95% II 
11 Prediction Interval 1 8 1 13 1 99%# 11 

Parametric 

4 

Shewhart CUSUM 
Chart+ 1 

Non-parametric 

N A 

- -- - 

* The above tests can be used with fewer samples, however it will increase the false positive rate. 
# Includes one verification re-sample, use 19 samples for a 95% Prediction Interval with no verification 

resamples. 
+For Inba-well testing only. 
NA Not Applicable. 
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Appendix F 

Field Equipment Manufacture Calibration Guidance 

Chesapeake Energy Center Appendir F 
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PART THREE 
MAINTENANCE and CALIBRATION 

3.1 . Parameter. Selection 

'- Not all Transmitters have the full complement of sensors, so select from 

. . 'the information of Part Three that which pertains to ypur SVR3 system. The 
Transmitter label shows your options. Use FIGURE 3.1 to identify the sen- 
sors. 

Remember that the calibration points for a SVR3 system are stored in 
the Transmitter (which may be a Hydrolab H20 or a Hydrolab Datasonde 3). 
This allows one Diplay/Logger to calibrate several Transmitters if those 
Transmitters are to be used later without a Display/Logger (for instance, if 
'you are using the SVR3 Display/Logger to calibrate DS3s before their deploy- 
ment). It also means that any Transmitter can be used with any Display/ 
Logger, without rkalibration. In other words, the Transmittkrs are inter- 
changeable. 

. . Fundamentally, the Transmitter is calibrated by pouring a calibration 
.. . standard into the Calibration Cup (or immersing the entire Transmitter in a 

bucket of standard) and wat&ig thereadings!for the parameter to be ' : 

calibrated) in Screen 1 or 2. 

When the readings stabilize (meaning that stepresponse and/or 
temperature transients have disappeared), the Basic Menu is accessed by 
hitting the Display/Logger's Space key. Typing a C will then produce the 
Calibrate menu, from which the particular.parameter value can be set. (Sec- 
tion 2.5 has more menuspecific information for calibration.) : 

Alternatively, you can use the Calibrate macro keys (see section 2.1.4) 
for calibrating time, pH, specific conductance, salinity, dissolved oxygen, and 
depth. 

You might notice that the Transmitter has built-in checks for calibration 
acceptance. If a sensor's response is nowhere near what it should be for the 
calibration value you type in, the calibration value will not be accepted. For 
example, if you in 7.02 for a pH calibration, but have accidently im- . 

mersed the sensorsin a buffer of value 9.18, you are notified that the calibra- 
tion is not acceptable and are returned to the Screen 1 or 2. If for any reason 
you cannot complete calibration for any parameter, the Transmitter will 
continue to use the calibration from the last time that particular parameter was 
calibrated. However, you should try to determine why the proposed new 
calibration is not acceptable (faulty sensor, bad standard, low batteries (sce 
section 3.11), mis-typed standard value, etc.). 
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If any parameter values are accompanied by an asterisk (3, those value 
are based on default calibration settings. This means that the Transmitter has 
no calibration information for that paficular sensor, and has replaced it with 
(i.e, defaulted to) a nominal calibration setting. So, the sensor must be 
calibrated. Note that some calibrations affect other parameters. For ex- 
ample, lack of calibration information for specific conductance will cause an 
asterisk annotation for specific conductance, salinity, dissolved oxygen 
(ppm), and depth readings, since each is calculated from, or influenced by, 
the specific conductance reading. 

3.2 Sage Remarks Concerning Sensor 
Preparafion 

Sensor preparation is probably the most important action you can take 
to maintain or improve the quality of your field measurements. A contami- 

. . 
nated, worn-out, or damaged sensor simply will not produce a reliable : !  

reading. It is well worth your time to set up a routine in which all sensors 
are serviced frequently and then allowed to rest hi tap water overnight 
before calibration. 

3.3 Temperature 

Because of the unvarying nature of the temperature sensor and its 
conditioning circuitry, the temperature calibration is factory-set and requires 
no recalibration. The sensor itself requires no maintenance. 

3.4 Specific Conductance and Salinity 

' 

Specific Conductance ranges are divided to maximize measurement 
resolution. The Fresh Water cell block (see FIGURE 3.1) provides the ranges 

' 0 to 0.15,0.15 to 15, and 15 to 10 milliSiemens/ch The Salt Water cell block 
(see FIGURE 3.1) provides the ranges 0 to 1.5,15 to 15, and 15 to 100 milli- 
Siemens/cm. The Salt Water cell block should be usdonly if specific . . .  ~ , : :  . , :  
conductances greater than 10 mS/m are anticipated. , . 

j 
! 
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To maintain the sensor, remove the white cell block covering the six pin- 
.shaped nickel electrodes of the specific conducfance sensor. Remove thP six 
small o-rings that are slipped over the electrodes and polish all of the exposed 
surface of the electrodes with the emery cloth supplied in the Maintenance Kit, 
or  with #400 wef/dry sandpaper. Be sure to polish the ends of the electrodes, 
but be careful not to touch the nearby pH glass electrode with the abrasive. 
Clean the electrodes and the cell block with an alcohol-soaked swab. 

Re-install the six o-rings (replace the o-rings if they have been flattened- 
out by long service). Re-install the white cell block, tightening the saews just 
enough to make sure the cell block is seated flat against the speafic conduc- . . 

tame sensor body. Once the sensor has been rinsed well with deionized 
water, it can be calibrated. It is good practice, however, to let the sensor soak 
in tap water overnight to allow freshly-polished electrode surfaces to re- 
equilibrate with an aqueous environment. 

When calibrating spedfic conductance, use a standard whdse specific 
conductance is near that of your fieId samples; for instance, don't use 1M KC1 
to calibrate for fresh-water work. Unless you are practiced in quantitative 
preparations, or know someone who i,s, you are better off purchasing pre- 
pared specific conductance standards. The following table shows several 
potassium chloride solutions and their ipedfi~conductance values: 

KC1 Molar Concentration 
0.5 

. . 0.2 
0.1 
0.05 
0.02 
0.01 
0.005 
0.002 
0.001 
0.0005 

Specific Conductance in mS/cm 
58.84 
24.82 
12.90 
6.668 
2.767 
1.413 
0.718 
0.292 
0.147 
0.074 
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For calibration, first make sure that the Transmitter knows which cell 
. . block is employed (see section 2.6.2). Next, make sure the sesens is clean and 

serviced. Then: 

Thoroughly rinse the sensors several times by half-filling the 
calibration cup with deionized water and shaking the Transmit- 
ter to make sure each sensor is free from contaminants that 
might alter your specif~c conductance standard. 
In a similar manner, rinse the sensors twice with a small portion 
of the specific conductance standard to be used for calibration, 
each time discarding the rinse. 
With the Calibration Cup screwed onto the Transmitter, sensors 
pointed toward the ceiling, pour in standard to within a centime- 
ter of the top of the cup, making sure there are no bubbles in the 
bores of the cell block. 
Watch the specific conductance readings until they have stabi- 
lized; the sensor is now ready for calibration. 
Select specific conductance from the Calibrate menu, type in the 
calibration standard value, and press Enter to set the calibration 
and return to Screen 1 or 2. 

Because the salinity parameter is algorithm-generated (see section.55) 
from the specific conductance reading, once you have calibrated specific 
conductance, you have also calibrated salinity. However, if your field work 

. . 
requires salinity rather than specific conductance readings, you should 
calibrate salinity instead of specific conductance. Simply access salinity 
instead of specific conductance from the calibrate menu and type in the value 
(in parts per thousand at 25T) of your salinity Le, sea water) standard. 
Note that calibrating salinity simultaneously calibrates specific conductance. 
You can calibrate only one of salinity, TDS, resistivity, and specific conduc- 
tance. 

The pH glass electrode requires maintenance only when obviously 
coated with oil, sediment, or biological growth. Clean the glass with a very 
clean, soft, non-scratching cloth wet with rubbing alcohol (a cotton ball will 
do). 

. . 
Serviang the reference electrode mainly involves replacing the elecho- : I 

lyte by gently pulling the entire covering sleeve away from the Transmitter 
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body. Empty the remaining electrolyte from the reference sleeve, and refill the 
sleeve to the top withstandard electrolyte: three- or four-molar KC1 saturated 
with silver chloride. 

With the Transmitter sensors pointed toward the fldor, push the full 
reference sleeve back onto its mount until the sleeve has just covered the o- . 
ring located on the mount (just behind the silver electrode). Now turn the 
Transmitter so that the sensors p i n t  toward the ceiling and push the sleeve 
the rest of the way onto its mount. Notice that while you are seating the 
sleeve, you are purging any air trapped in the electrolyte chamber, and are 
using the air and excess electrolyte to flush and clean the porous junction on 
the tip of the sleeve. This junction is the most important part of the pH. 
system; make sure it is clean and passes electrolyte readily. If not, replace i t  
with the spare in the maintenance kit. 

The pH system can now be calibrated. However, it is a good idea to let 
the electrodes re-equilibrate overnight in tap water after being cleaned, 
espeaally if you have used alcohol. 

. p H  calibration is acmmplishedby filling the Calibration Cup first with 
the "zero" buffer (valuebetween 6.8 and 7.2) and then with a "slope" buffer 
whose pH is near that of the anticipated samples to be measured (but not 
between 6.8 and 7.2). For each buffer, once the reading has stabilized, follow 
the calibration procedure detailed in section 2.5.1. Always rinse the sensors 
thoroughly with deionized water between buffers. 

The general-pulpose Hydrolab reference electrode is designed for 
normal field application: measurement of middle-range ionic strength waters 
to about 200 meters depth. For use in very low ionic-strength waters (gener- 
ally, those under 0.2 mS/m specific conductance), measurement reliability 
can often be enhanced by the LISRE (an o p t i o ~ l  one-piece, white, bullet- 
shaped "low ionic-strength reference electrode" that does not require electro- 
lyte replacement). The LISRE requires a maintenance procedure different 
from that prescribed for the rebuildable Hydrolab reference. 

. . First, and most importantly, the tip of the LISRE should be soaked in 4. 
molar potassium c6loride whenever the system is not in use; for instance, 
overnight wh& the instrument is in daily use. Fill with KC1 the black cap 
provided with the LISRE (or a similar cap) and install it on theLISRE for this 
storage procedure, since the other sensors, such as the pH glass itself, should 
be stored in plain tap water. This step facilitates a reference junction that is 
homogeneously saturated with strong electrolyte, a condition necessary for 
stable and accurate readings in dilute simples. Be sure to remove the black 
cap for calibration or field use. 
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As a rule of thumb, make sure the LISRE reference electrode is soaked 
in KC1 as long. per week, as it is euposed,to sample waters. 

. Second, always keep the LISRE clean by rinsing with soapy water to 
remove visible contamination, and by wiping the sensor occasionally with a 
cloth soaked in rubbing alcohol to remove oils and grease that might have 
accumulated. The sensor should be soaked in KCI at least 24 hours after 
cleaning, then recalibrated before field use. 

Third, check the sensor's span frequently by calibrating with standard 
buffers and then checking performance with a standard whose ionic strength 
approximates that of the anticipated field samples. Calibration with stan- 
dard buffers alone is no guarantee of measurement quality in low ionic- 
strength samples. (See section 5.9) 

Slow response or non-reproducible measurements are signs that the 
electrodes have become coated or clogged. 

The pH glass electrode is susceptible to coating by many substances. 
The speed of response, normally 95% of the reading in less than 90 seconds, 
is dramatically changed. Usually a rinse with methyl alcohol will remove 
any films on the glass and restore the speed of response. 

If the methanol rinse does not restore the response, soak the electrode 
in 0.1 Molar HC1 for five minutes. Remove and rinse the electrode with water 
and rinse the electrode in pH buffer for 10 minutes. This should improve the 
pponse. 

See section 3.11 for information on pH "warm-up" 

Generally the Redox sensor requires the same infrequent cleaning 
procedure as the glasspH electrode. Should the platinum band at the tip of 
the Redox sensor get ;eally dirty and discolored, it can be polished with a 
clean cloth and a very mild abrasive, such as toothpaste. After polishing, the 
sensor should be allowed to soak overnight in tap water so that the platinum 
surface can restabilize. 

As long as the band of the Redox sensor and the reference 
electrode are kept properly serviced, you may not need' to frequently check 
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the Redox system calibration. However, you can verify your Redox system 
performance by dissolving a few grams of quinhydrone in 500 ml of 4- and 7- 
pH buffers. For the temperatures of 204 Be, and 30°C, respectively, the 
Redox values for the pH 4 solution are 470,462, and 454; for the pH 7 solution 
295,285, and 275. These Redox values are in millivolts (European sign con- 
vention) and are based on the standard hydrogen reference electrode. Note 
that Hydrolab uses a silver-silver chloride reference electrode instead of the 
hydrogen reference electrode. This means that, without calibration, each'of 
your readings will differ by about +ZOO millivolts from the.traditiona1 values 
that are based on the hydrogen electrode. Calibration, however, removes this 
offset 

. . 

Alternatively, you can calibrate with any solution (with a stable Redox) 
by reading the Redox on a trusted laboratory meter, and using this solution 
for your standard. Remember that the laboratory meter is likely to use a 

. . silversilver chloride reference electrode; add 200 millivolts to its readings if 
you want your Hydrolab readings to be based on the hydrogen standard. 
Select a standard value near that of your field samples. See section 2.5.5 for 
more information on Redox calibration. 

See section 3.11 for information on Redox "warm-up". 

Standardizing Redox Readings: The ~ e d d x  values of quinhydrone 
solutions vary with pH. So, two quinhydrone solutions of suitably different 
pH's can be used to "calibrate" Redox readings. Suppose, after plenty of time 
for sensor equilibration, a trusted laboratory instrument gave readings of 275 
and -150 millivolts for two quinhydrone solutions. At the same temperature, 
a properly-maintained Hydrolab gave readings of 350 and -30 mV, respec- 
tively. The figure below shows the plotted results. 
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The line created by the two Hydrolab readings showed a y-intercept of 
about 104 and a slope of about 0.89. These numbers are calculated as fol- 
lows: 

, slope = (350 + 30)/(275 + 150) = 0.894 (from m = rise/run) 

y intercept = -30 - 0.894(-150) = 104 (from y = mx + b) 

~ h u s ,  the Hydrolab readings must first be decreased by 104 mV, and 
then divided by 0.894 to get the correct reading (that is, the reading that 
matches the laboratory instrument's reading). For instance, suppose the 
Hydrolab gave an equilibrated reading of 350 mV for some field sample. The 
"comcted" reading would be: 

350 - 104 = 246, and then 246/(0.894) = 275 mV 
We know that this is the right answer, because 350 and 275 ate two of 

the comparison points from the original quinhydrone solutions. 

However, assuming that the laboratory instrument is using a silver- 
silver chloride reference electrode, the corrected Hydrolab reading must be 
increased by about 200 mV to match it to the standard hydrogen reference 
electrode (the basis upon which most published half-reaction potentials are 
based): 

Thus, the real Redox potential of the solution is not 350, but 475 mV. 

Dissolved Oxygen 

DO sensor maintenance is usually required only when calibration 
becomes impossible or when the membrane covering the cell becomes 
wrinkled, bubbled, tom, dirty, or othenvise damaged. It is, however, good 
practice to replace the membrane on a regular schedule, before trouble 
becomes visible. Frequent electrolyte changes will maximize the life of the 
sensor. 

Please read APPENDIX I for information on the two methods avail- 
able in the Transmitter for measurement of DO. 
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To change membranes, remove the white DO sensor guard and the o- 
ring securing the membrane. Shake out the old electrolyte, rinse with deion- 
ized water, and refill with fresh electrolyte (provided in the Maintenance Kit, 
or use 2M potassium chloride) until there is a perceptiile meniscus of electm- 
Iyte rising above the entire electrode surface of the sensor. Make sure that 
there are no bubbles in the electrolyte. Hold one end of a new membrane 
(either Standard or LoFlow) against the body of the DO sensor with your 
thumb and with a smooth, firm motion, stretch the other end of the membrane 
over the sensor surface and hold it in place with your index finger. Secure the 
membrane with the o-ring. There should be no wrinkles in the membrane or 
bubbles in the electrolyte. Trim away the excess membrane extendjng below 
the 0-ring. 

. . 
Be careful not to over-stcetch the membrane; this will cause readings 

that are too high to calibrate. Stretch the membrane just enough so that i t  
conforms to the shape of the top of the DO cell. 

. . 
The W sensor is now ready for calibration, but you should let it soak 

overnight to give the membrane time to relax to its final shape (i.e, calibration 
condition). . . 

To calibrate DO: 

1) With the Transmitter oriented so that the sensors are pointed 
toward the ceiling, fill the Calibration Cup with tap water (specific 
conductance less than 0.5 mS/cm) until the water is just level with 
the o-ring used to skure the membrane. 

2) Carefully remove any water droplets from the membrane with the 
comer of a tissue. 

3) Turn the white Calibration Cup lid upside down (concave upward) 
and lay it over the top of the Calibration Cup. 

4) The knsor is ready for calibration once the readings have stabi- 
lized. Just follow the instructions printed by the Transmitter; refer 
to section 2.5.4 for calibration menudetails.. 

You can also calibrate the DO system in a wellstirred bucket of tem- 
perature-stable, air-saturated water. This situation more closely resembles the 
actual field measu&ment conditions. 

Remember that the two batteries in the Transmitter can power the 
oxygen sensor (and the pH and Redox circuits) continuously, so that a stable 
reading is always available quickly. (Generally, the polarizing batteries are 
used only with the Lonow Membrane.) If you know that the Transmitter is 
not going to be in use for an extended period, say a week or more, you can 
extend the life of the two cells and of the oxygen sensor by removing the 
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sensor's membrane, removing all of the sensor's electrolyte, and installing a 
membrane over the dry sensor. For best results, replace the elect'rolyte and 
membrane the day before calibration for'the next deployment. 

. When using the polarizing batteries, can greatly prolong the life 
of the sensor by changing the electrolyte frequently (twice or more a 
month), andlor by removing the electrolyte when the sensor is not to be 
used for a week or more. 

3.8 Depth 

Generally, the depth (or level) sensor needs no maintenance. Occa- 
sionally, you may wish to squirt a very weak acid (such as acetic) into the 
depth sensor port (the hole in the face of the Bottom Cap just below the 
conductivity cell block) with a hypodermic syringe if you notice deposits 
(calcium, biological growth, etc.) forming in the port: Calibration access 
information is found in section 2.5.7 in PART TWO. 

Normally, calibration is done by simply entering zero for the standard 
'at ihe water's surface. However, if you have another method, such as a 
carefully-marked cable, you can type in any number you wish when calibrat- 
ing. 

Because the density of water varies with its specific conductance, the 
depth readings must be corrected for specific conductance. This correction is 
applied linearly from zero specific conductance (no correction) to 100 mS/' 
cm. At 52 mS/cm (seawater's specific conductance), the correction reduces 
the actual reading by 3 percent. 

Note that there are two depth sensors: 0 to 100 meters (330 feet) and 0 
to 10 meters (33 feet). The former is usually used to determine the depth at 
which readings of the other parameters are being made. The latter is often 
used to detect stage changes, such as those accompanying tidal flows or 
rainfalls. The level sensor should be protected from depths over 20 meters : 

(66 feet) by installinithe sealing screiv (found in the Maintenance Kit) in 
the face of the bottom cap. 
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. . . .  3.3 Circulator. . . 

The Transmitters are bptionally equipped with a circult& to assist with reliable dissolved oxygen 
measurements. The circulator also continuously supplies fresh sample to all sensors, and tends to 
keep the sensors clean by sweeping debris away. The circulator also speeds sensor response by 
ensuring rapid temperature equilibration. 
From Screen 1 or Screen 2 on the Display, press Esc m to toggle the circulator state.. Alternately, 
select Setup, &c, and On or Off to set the circulator state. From an SDI-12 datalogger, issue the 
'aXSSO!' command to turn the circulator off and the 'aXSSl!' command to turn the circulator on. 

Remember to turn the circulator on during field deployment Generally, the cuculator should be 
on except during calibration. . . . . 
Notes: 

The circulator's impeller (part #0O53O6), impeller screw @&#005307), and impeller 
bearing @art #003594) are non-warranty consumables, which require regular replacement. 
In SDI-12 operation, both the sensors and the circul@or must be turned on for the circulator - 

to operate. The sensors are automatically turned on with standara SDI-12 measurement 
cbmmands. The 'aXl!' and 'aX0' commands are available to force the sensors on and off 
through the transparent mode. 
If equipped with the turbidity option, the..~ransdtter will 6ccupy two SDI-12 addresses. 
All parameters except turbidity are on one SDI-12 addtess and turbidity is on another SDI- . . , 
12 address. - The Transmitter's factory default SDI-12 address is '0' for all parameters.except Lbidity 
and '1' for turbidity, In this manual, 'a' refers to the SDI-12 address forall parameters 

; . except turbidily and 'b' refers to the SDI-12 address for turbidity. , 

3.4 Calibration . 
Fundamentally, the Transmitter is calibrated by pouring a calibration standard into the calibration 
cup or by immersing the entire Transmitter in a bucket of standard. Then, watching the readings 
for the parameter to be calibrated. When the readings stabilize, send the calibration information to 
the Transmitter via the Display or SDI-12 datalogger. Then confirm the data calibration. 
Note: You may notice that the Transmitter has built-in checks for calibration acceptance. If for 
any reason you cannot complete calibration for any parameter, the Transmitter wiU continue to use 
the calibration from the last time that particular paraiueter was calibrated successfully. However, 
you should tg to determine why the Transmitter did not accept the new calibration (faulty sensor, 
bad standard, low battery, mistyped standard value, incorrect units, etc.). 

3.4.1 Calibration with the Display 
If the circulator is on, press the Esc m key to'toggle the circulator off, so that it doesn't splash your 
&libration,standard. Place the sens~rs~in the appropriate calibration standard for the parameter 
being calibrated. Monitor 'the p.arameter's stability on Screen 1 andlor Screen 2, select Calib, 
then the i&m to calibrate. Enter tbe one or two values as required to complete calibration. If the 
Transmitter rejects the calibration, the Display LCD shows 'FAIL' before returning to the Calib 

41960



If for 
to use 
Never, 
ensor, 

1 your 
meter 
2alib, 
If the 
Calib 

. . screen. Return to Screen X andlor Screen 2 to confirm calibration. See Section 2.2.3 for details . 
on using the Display toperform calibrations. 

The following table details what can be calibrated with the Display. . . 
Calibration First Value Second Value 

Salinity PSS 
SpeciRc Conductance mS/cm 

DO/BP 
DO%/SP 

ORP 

PH 
Barometric Prer~lve (BP) 

Depth 
Turbidity 

Scale Factor 
(0.64 default) 

m p n  
100% (fued) 

mv - . 
units 

mmHs 
more 
NTU 

3.4.2 Calibration with an SDI-12 Datalogger 
If using an SDI-12 datalogger for calibration, you must enter transparent mode. Please see your 
datalogger manual for instructions on how to use trainsparent mode. 
Within the datalogger's transparent mode, issue the 'aXl!' command t o m  the Transmitter's non- 
.turbidity sensors on and, if turbidity installed, issue the 'bXl!' command to turn the turbidity 
sensor on. If the circulator is on, issue the 'aXSSO!' command to tum the circulator off, so that it 
doesn't splash your calibration standard. . . 

Repeatedly issue the '~Ro!' and '&I!' commands and, if turbidity installed, the 'bRO!' command 
to monitor the stability of the parameter being calibrated. Once stable, issue the 'cXCd+value!' 
command with 'c' being the SDI-12 address, 'd' the code letter of item to ccabrate and 'value' 
being the numeric value of the calibration standard. Again, issue the '&O!' and 'aRl!' commands 
and, if turbidity installed, the 'bRO!'.command to con& calibration. 
Finally, issue the, 'a~0! '  command and, if turbidity installed, the 'bXO' command to turn the 
Transmitter's sensors off and, if needed, issue the 'aXSSl!' command to turn the circulator back 
on. 

The following tab~e 'detai ls . thd~~~-12 calibration c o m a &  available, 
Calibration ' SDI-12 Command Units for value 

Salinity 'aXCS+valuel' PSS 

Specific Conductance ' a ~ ~ ~ + v ~ l ~ ~ ?  mSlcrn 
TDS 'nXCt+value!' Scale Factor 

(0.64 default) 
DO ' ' ~ ~ ~ o + , h e ! ~  

(must calibrilte BP &st!) 
m p n  
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Calibration , SDI-12 Co-nd ,Unitsfor vdue 

'aXC%+~idu~? , mmHg . ' DO% 
ORP 'aXCR+vplue!' mV. 

PH 'aXCP+value!' unit% 
r i a r o m e ~ e k n r e  (BP) , 'aXCB+value? ' mmHg 

Depth 'oXCDI'VL~IU~!' morft  
(perdepth setup) 

Turbidity 'bXCT+valuel' NlU 

Nozes: ' 

Boththe sensors and the circulator must be turned on for the circulator to operate. 
If equipped with the turbidity option, the Transmitte~will occupy two SDI-12 addresses. 
All parameters except turbidity are on one SDI-12 address and tixbidity is on another SDI- 
12 address. 
The Transmitter's factory default SDI-12 addr'ess is '0' for all parameters except turbidity 
and '1' for turbidity. In this hnual ,  'a' refers to the SDI-12 address for all parameters 
except turbidity and 'b' refers to the SDI-12 address for turbidity. 

3.4.3 Calibration Preparation 
The following is a general outline of the steps requirk to calibrate all the sensors: 

Select a calibration standard whose value is near that of your field samples. 
Remove the Storage Cup from the Transmitter. 

. . Clean a n d ~ r e a a r e  the sensors as detailed in S ~ C ~ ~ O U S  3.4.4 through 3.4.9. 
Attach the Calibration Cup. 

= Using the Calibration Cap, thoroughly rinse the sensors several times by half-filling the 
calibration cup with deionized water and shaking the Transmitter to make sure each sensor 
is free from contaminants that might alter your calibration standad. , 

. 
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In a similar manner, rinse the sensors twice.with a small portion of the calibration 
standard, each time discarding the rinse. 

. .  . 

, 8 With the Transmitter sensors pointing up (toward the ceiling), fill.the Calibration Cup 

a. with the calibration standard. See Seetions 3.4.4 through 3.4.8 for sensor specitic details. 
% 

. . 

Complete the calibration & per Seetions 3.4.1 and/or 3.4.2. 
Fin;?ly, discard used calibration standards appropriately. Do not attempt to ieuse 
calibration standards. 

Wanzinc: Seitsor preparation is probably the most important action vou can take to 
maintain or  improve the qualitv of your field measurements. A contaminated, worn-out, or 
damaged sensor simply will not produce a reliable reading. It is well worth your time to set up a 
routine in which all sensors are serviced frequently and then allowed to rest in tap water overnight 
before calibration. 
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Generally, you should calibrate all Quanta parameters as often as your accuracy requirements 
dictate. If you want exceptionally accurate data, you must calibrate frequently. Calibration 
requirements also vary with deployment conditions - in very turbid or biologically-active.waters, 
for instance, generally require more frequent calibrations'than do cleaner waters 
Notes: 

The optional turbidity sensor has arotating sealed shaft to make mintenaxe of other 
sensors e.a.sier. With the storage cup, calibration cup, and guard removed,-the turbidity 
sensor rotates =135' in each direction before engaging the internal stop. This feature makes 
maintenance of the other sensors easier. After maintenance of these other sensors, insure 
the turbidity sensor is rotated back to the nominal position before reinstalling the storage 
cup, calibration cup, or guard. Do not use excessive force or sensor will break! 

, 

3.4.4 Temperature 
Cleaning and Pre~arat ion 

Soap ormbbing alcohol may be used to remove grease, oil, or biological material. : 
Rinse with water. 

Calibration Standard 
Factory-set and no recalibration required. 

3.4.5 Specific Conductance, Salinity, and TDS 
Cleaning and Preparation 

Clean the oval measurement cell on the specific conductance sensor with a small, non- 
abrasive brush or cotton swab. 
Soap or rubbing alcohol may be used to remove grease, oil, or biological material. 
Rinse with water. 

Calibration Standard . 
= Pour the specificconductance or salinity standard to within a centimeter of the top of the 

cup. 
Make sure there are no bubbles in the measurement cell ofthe specific conductance sensor. 

Notes: 
TDS measurementsare based on specific conductance and a user defined scale factor. For 
TDS calibrations, first calibrate specific conductance, then calibrate the Transmitter with a 
site-specific scale factor. The factory default scale factor is 0.64 g/L I mS1cm. 

3.4.6 Dissolved Oxygen %Saturation and mg/L 
Cleaning and Pre~arat ion 

Remove the o-ring securing the DO membrane. 
Shake out the oldelectrol~e and rinse with besh DO electrolyte. 
Refill with fresh DO electrolyte until there is a perceptible meniscus of electrolyte rising 
above the entire electrode surface of the sensor. 
Make sure there are no bubbles in the electrolyte. 
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i .  Hold one end of a newmembrane against the body of the DO sensor with your thumb and 
with a smooth, firm motion, stretch the other end of the membrane over the sensor surface 

3 pnd hold it in place with your index finger. 

5 Secure the membrane with the o-ring. 
Make sure there are no wrinkles i n k e  membrane o r  bubbles in the electrolyte. 
Trim away the excess membrane extending below the o-rine. 

? i DO %Saturation Calibration Standard (Saturated-Ah Method) . 
J 
"of the i j . 

Fill the Calibration Cup with deionized or tap water (specific conductance less than 0.5 
1 . . .  mSIcm) until the water is just level with the o-ring used to secure the.membrane. 
$ 
3nSOI. < 

= Carefully remove any water droplets from the membrane with the corner of a tissue. 
! 
i .I I Turn the black calibration cup cover upside down (concave upward) and lay it over the top 

of the 'Calibration Cup. j For i 

ith a 
= Determine the barometric pressure for entry as the calibration standard. Seesection 5.1.3 

f for computation details on barometric pressure. 

Notes: 
1 , ,  Calibration of DO %Saturation also calibrates DO mgL. 

DO can also be calibrated in a well-stirred bucket of temperature-stable, air-saturated water. 
i This situation more closely rese@les the actual field measurement conditions, but is more 
: 

. . i . .  . ' difficult to accomplish reliably. Be sure the circulator is turned on when calibratidg in a 
nsing . ..: water bath . 
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DO m a  Calibration Standard -own Concentration Method) 
Immerse the sensor in a water bath for which the DO concentration in mgL is h w n  (for 
instancd by Winkler titration). This calibration method is more difficult t i~erform thanybe 
saturated-air method. 
Make sure the circulator is turned on. 
Determine the barometric pressure for entry as the calibration standard. See Section 5.1.3 
for computation details on barometric pressure. . . 

Notes: 
Calibration of DO m a  also calibrates DO% Saturation. 
If there is a change in barometric pressure after calibration (for instance, if barometric 
pressure' drops as you move the calibrated Transmitter to a .higher elevation for 
deployment), the readings for DO %Saturation will not be correct You must enter a new 
barometric pressure. However, the readings for.DO mgfL will be correct regqdless of 
changes in barome?hc pressure. 

3.4.7 pH and O W  (Redog) 
Cleanine and Preparation of pH . . 

If the pH sensor is obvi.ously coated&th oil, sediment, or biologicalmowth, clean the glass . . . . . . . .  
with a very elk, soft; n6n-qratching clothwet with rubbing al&holTa cotton ball willwilldo). . , = Rinse with tap water. . . . .  . . 

. . 
Cleanina and Preparation of ORP 

If the platinum band at the tip of the.ORP sensor gets d i i  and/or discolored, polish it with 
a clean cloth and a very mild abrasive, such as toothpaste; or use a fine polishing strip. 

@ Rinse with water. 
Soak the sensor overnight in tap water to allow the platinum surface to restabilize. 

Cleanine and Pre~aration of Standard Reference . . . . 

Gently pull the entire reference sleeve away from the Transmitter. .The reference sleeve is 
the clear blue tube with a porous ~eflon* Reference Iunction attached. .' 

= Discard the old electrolyte from the reference sleeve. 
Drop two KC1 salt pellets (#005376) or two KC1 salt rings (#005309) into the reference 
sleeve. 
Reiill the sleeve to the top with reference electrolyte. 
With the Transmitter sensors pointed toward the floor, push the full reference sleeve back. 
onto its mount until the sleeve has just covered the fust 0-ring located on the mount (just 
behind the silver electrode). 
Turn the Transmitter so that the sensors point toward the ceiling and push the sleeve the rest 
of the way onto its mount. 

= Rinse with tap water. 
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1 
e sleeve the rest 
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3 

i 
i 

i 
3 
i 
i 
i 

Notes: 
The ~ o r o u s  Teflone Reference .Innetion is the most important wart of the DH and ORP 
~erformance. Make sure it is clean k d  passes.electro1yte readily. If not, replace it with 
the spare provided with the pH option. ~ e p l a c i e n t  Reference Junctions are part#003883. 
When seating the reference sleeve,. trapped air and excess el&troIyte is purged. This 
pureine flushes and cleans the ~ o r o u s  Teflon* Reference Junction. 
The Standard Reference is designed for waters with specificconductances 2 O.Z,&lcm 
For measurements in waters .with specific conductances c 0.2 mS/cm, Hydrolab offers the 
LISRef as a factory installed option to improve measurements in very Iow-ionic strength 
waters. 

Cleanine and Preparation of Low-Ionic Strength Reference (LISRel) 
Remove the olastic LISRefsoaking cap. Save the cap! 
Inspect the ~ h ~ e f  sensor tip. 
If necessary, rinse with soapy water to remove visible contamination and hnse with tap 
water. 
If necessary, wipe with a cloth soaked in rubbing alcohol to remove oils and grease and 
rinse with tap water. 

a Following cleaning, fill the plastic LISRef soaking cap with reference electrolyte, reinstall 
over the LISRef  ti^. and soak overnight. 
Remove the plastic LISRef soaking cap before calibration or field use. Save the cap! 

Notes: 
The LISRef Reference is the most important part of the DH and ORP performance. 
Whenever the Onanta Transmitter is not in use. fill the wlastie LISRef soakinc cae 
with reference deetrolvte and reinstall over the LISRef tip. 
The LISRef Reference is designed for low-ionic sEength waters. During normal use, the 
LISRef Reference is consumed and cannot be rebuilt Replacement LISRef tips are part 
#003333. 

= For measurements in waters with specific conductances Z 0.2 mS/cm, the Standard 
Reference is preferred due to lower purchase and maintenance costs. Hydrolab offers the 
Standard Reference as a factory installed option. 
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free cloth, and placing the ceramic glass cube into the turbidity sensor's optical area. Align 
the Quick-Cai Cube 's pin with the turbidity sensor's recessed hole and,'for optimum 
repeatability,. rotate the Quick-Cal Cube clockwise to'remove mechanical play in the 
pinhole. . . 
Totest for drift between primary calibrations, reinstall the Quick-Cal Cube . 

Notes: 
'Turbid-he' water is available for purchase froin chemical supply houses. However, it is 
far less expensive to make by passing reagent-grade water through a 0.1 or smaller 
filter. 
Formazin and polystyrene beads are a standards as defined by the EPA. Quick-Cal 
Cubes are standards, which must be rechecked, and value recorded, after each 
primary standard calibration with each instrument. However, Quick-&I Cubes save 
resources, boih time and money, by allowing inexpensive and frequent calibration checks 
between permit andlor standard operating procedure required primary calibrations. 
F o m z i n  requires daily preparation. 
Polystyrene beads are instrumentation specific and beads formulated for one instrument 
design often read differently on a different instrument design.. Hydrolab has polystyrene 
beads formulated for the Quanta Turbidity sensor. Please contact Customer Service or 
www.hvdrolab.com for ordering information. 
When using liquid standards, insure no bubbles in the optical area. The optical properties 
of bubbles affect the turbidity calibration. Gentle agitation easily dislodges bubbles. 
When using Quick-Cal Cube standards, insure no water droplets in the optical area. The 
optical properties of water droplets affect the calibration check. ~ e m o v e  droplets with a 
non-abrasive, Lint-free cloth. 
Turbidity is a two-point calibration. A turbidity standard of 0.0 is treated as the "zero" and 
all other values are treated as the "slope". Fist  calibrate 'kro", then calibrate "slope". 

Care of the Transmitter 
In addition to normal sensor maintenance, clean the Transmitter with soap and water. During 
storage o r  transunrtation. alwavs use the calibration coo/cau or  the storage coo filled with a 
W' of tap water to protect the sensors from damage and drying out Never deploy the 
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Groundwater Moniforing PIm 
Chesapeake Energy Center 

Appendix G 

Sampling, Preservation, and Analytical Procedures (Tables 1A - 1H) 
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\ ~ a b l &  1A through 1H summarize Test Methodology, Sample Container, Preservative. Holding Time, and identity 
of each analytical parameter listed tn Appendix 5.1 of the Virginia Solid Waste Management Regulations. 

. .  ,. 
NOTES ' 

.. EPA is continually ipdatinganalytical methods. In the event &at the referenced test mlthod becomes-outdated, the ., 
:.. most recent or equivalent method identified iri the cwrent EPA SW-846. . . 

The I,aboratoryL&it of QuarititaIion (LOQ is the laborat&y specific level above which quantitative analytical 
results may be obtained with a specified degree of confidence. Each 1aboratory.develtips its own LOQs on a 
periodi~ basis, and-LOQs are subject to change over time and between laboratories. The LOQ is a multiple ofthe 
method detection limit which is derived from seven replicate measu,Rments, and is determined periodically for tach 
parameter by thelaboratoryperfonninp" the analysis. For these reasons it is impractical to specify LOQs in this 
Grn. , 

~aboratories p&iding chemical analyses for groundwater s.amples collected at this facility rhust identify their LOQ 
on the Certificate of Analysis. The LOQ should not exceed the performance goal, which is the EPApublkhed . 
Estimated Quantificatiqn Limit @QL) for the parameter being tested; 
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PERMIT MODULE XI 

PHASE I1 MONITORING 
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PERMIT MODULE - XI 

PHASE 2 and MODIFIED MONITORING 
9 VAC 20-SO-300.A, C.4, and C.5 

Phase 2 monitoring is designed to ensure the earliest possible recognition of a leachate 
release to groundwater from a regulated solid waste management unit (SWMU) at levels 
which exceed groundwater protection standards. 

Modified monitoring is designed to ensure that continuing exceedances of Phase 1 
indicator parameters do not represent a release from a r eda t ed  solid waste' management 

X1.A. GROUNDWATER COMPLIANCE POINT 

XI.A.l Uppermost Aquifer 
The compliance point for groundwater monitoring is the uppermost aquifer on site 
[9 VAC 20-80-300.A.2.al. The uppermost aquifer encompasses the entire 
thickness between the first encounter with groundwater (not to include any 
perched water) and the first encounter with a confining unit forming the lower 
boundary of the uppermost aquifer [9 VAC 20-80-300.A.3.f.(l).@)]. 

XI.A.2 Monitoring Well Locations 
All wells in the monitoring network shall be installed within the permitted facility 
boundary [9 VAC 20-80-770.A], screened within the uppermost aquifer, and 
located at, or as close as practical to, the SWMU boundary [9 VAC 20-80- 
300.A.3.aI unless a variance meeting the requirements of 9 VAC 20-80-770.B has 
been granted. No monitoring well serving the function defined under 9 VAC 20- 
80-300.A.3.a can be located more than 500 feet away from the SWMU boundary 
[9 VAC 20-80-770.A]. 

X . B .  MONITORING NETWORK REOUIREMENTS 

XI.B.1 Performance Standards 

XI.B.1.a The Permittee shall install a groundwater monitoring network that 
meets the requirements of 9 VAC 20-80-300.A.2 and A.3. 

XI.B.1.b All wells utilized in the monitoring network shall at a minimum 
meet the requirements of 9 VAC 20-80-300.A.3.c and f.(l). 

XI.B.1.c Any wells that require abandonment shall be sealed and abandoned 
in accordance with existing EPA Resource Conservation and 
Recovery Act guidance as well as any applicable state or local 
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requirements. 

XI.B.1.d If any wells require replacement due to non-performance, the 
Permittee shall: 

X I B l e ( 1 )  Within 30 days of recognizing the non-performance, 
notify the Department of the need to replace the 
non-performing well. Within that notification, 
provide for Department review [9 VAC 20-80- 
570.C.11, the proposed location for the new well 
shown on a site plan. 

XI.B.l.e.(2) Install the replacement well, prior to the next 
regularly scheduled groundwater sampling event 
unless the Director has granted an extension to 
meeting the monitoring system compliance 
requirements under 9 VAC 20-80-300.A.3.a. 

XI.B.2 Operations and Maintenance 

The Permittee shall operate and maintain all wells in the monitoring network in a 
manner meeting the requirements of 9 VAC 20-80-300.A.3.e. 

XI.B.3 Well Designations 

At a minimum, the monitoring network installed shall meet the requirements of 9 
VAC 20-80-300.A.3.f.(2). The following wells are included in the monitoring 
network: 

XI.C AQUIFER INFORMATION 

XI.C.l Aquifer Data Acquisition - Requirements and Response 

XI.C.1.a Static groundwater elevations shall be: 

. C . l . a . ( l )  measured in all monitoring wells in a manner that 

X-2 
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meets the requirements of 9 VAC 20-80-300.A.4.c. 

XI.C.l.a.(2) measured to an accuracy of 0.01 foot. 

XI.C.l.a.(3) obtained from all wells in the network within a 
single 24 hour period from sampling to avoid 
temporal variations/fluctuations in the groundwater 
table. 

XI.C.1.b Each time groundwater is sampled on site, the Permittee shall 
determine the groundwater flow rate and direction [9 VAC 20-80- 
300.A.4.cI in the uppermost aquifer using methods accepted for 
use in EPA RCRA programs. 

XI.C.1.c The Permittee shall evaluate the function of each of the wells 
included in the monitoring network using the static groundwater 
elevation data obtained each time groundwater is sampled. If the 
evaluation shows that one or more of the monitoring wells no 
longer functions in a manner that meets the requirements of 9 VAC 
20-80-300.A.3.e, the Permittee shall: 

. C . l . c . ( l )  Within 3 days of recognizing the non-performance, 
notify the Department of the need to modify the 
number, location, or depth of the monitoring wells, 
and provide for Department review, proposed 
locations for new (replacement) monitoring wells 
keyed to a site plan. 

XI.C.l.c.(2) Complete additions or modifications to the network, 
prior to the next regularly scheduled groundwater 
sampling event, unless an extension has been 
granted by the Director for meeting the monitoring 
system compliance requirements under 9 VAC 20- 
80-300.A.3.a. 

XI.D. SAMPLING REOUIREMENTS 

The Permittee shall meet the following: 

XI.D.1 Field sampling and laboratory procedures shall at a minimum meet the 
requirements of 9 VAC 20-80-300.A.4.a. 

XI.D.2 Sampling and analytical methods shall at a minimum meet those set forth in 
EPA SW-846 as amended [9 VAC 20-80-300.A.4.bl. 
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XI.D.3 Samples shall not be filtered prior to analysis. 0 
XI.D.4 In Phase 2 monitoring, the Permittee shall sample the groundwater for the 

Phase 2 monitoring constituents referenced under 9 VAC 20-80-300.C.4.a. In 
~ o d i f i e d  monitoring, the Permittee shall sample groundwater for the full Table 
5.1 constituent list [9 VAC 20-80-300.C.5.aI and the Phase I indicator 
parameters, as applicable, based on the Table 5.1 results [9 VAC 20-80- 
300.C.5.b.(1)]. 

X1.E SAMPLING FREQUENCY 

XI.E.1 Unless otherwise required when sampling to determine background for the 
Phase 2 programs [9 VAC 20-80-300.C.4.b.(l) or c.(4)], the Permittee shall, 
during the active life and post-closure care periods sampl'e and analyze all 
monitoring wells on at least a semi-annual basis [9 VAC 20-80-300.C.4.a and 
c.(l) or 300.CS.b.(1)]. 

XI.E.2 Upon triggering the need for Phase 2 monitoring, the initial Phase 2 sampling 
event shall be completed in a timefiame consistent with 9 VAC 20-80- 
300.C.3.d.(4)b. Upon triggering the need for Modified monitoring, the initial 
Modified sampling event shall be completed in a timefiame consistent with 9 
VAC 20-80-3OO.C.5.a. 

XI.E.3 The semi-mual sampling period shall meet the requirements of 9 VAC 20-80- 
10. 

XI.F DETERMINATION OF BACKGROUND & GROUNDWATER PROTECTION 
STANDARDS 

XI.F.l In Phase 2 Monitoring, the Permittee shall establish site-specific background 
values for all detected Table 5.5 Phase 2 monitoring constituents in a manner 
consistent with the requirements of 9 VAC 20-80-300.A.4.d - f and timeframes 
of 9 VAC 20-80-300.C.4.b. If required by 300.C.4.b.(3).(b), the Permittee 
shall establish site-specific background values for all detected Table 5.1 Phase 
2 monitoring constituents in a manner consistent with the requirements of 9 
VAC 20-80-300.A.4.d through f and timekames of 9 VAC 20-80-300.C.4.b 
and c.(4). 

XI.F.2 The Permittee shall propose and establish Groundwater Protection Standards 
(GPS) for each detected Phase 2 monitoring constituent as follows: 

XI.F.2.a proposed within timelines that meet the 
requirements of 9 VAC 20-80-300.C.4.d, and 
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XI.F.2.b established using the process defined under 9 VAC 
20-80-300.C.4.d.(l). 

XI.F.3 Groundwater Protection Standards become effective as follows: 

XI.F.3.a Federal Maximum Contaminant Level-based GPS are effective 
immediately on the date GPS are proposed by the Permittee [9 
VAC 20-80-300.C.4.d.(1)]. . 

XI.F.3.b ~ackground-based GPS are effective on the date Director approval 
is issued [9 VAC 20-80-300.C.4.d.(l).(c)], 

XI.F.3.c Alternate Concentration Limit-based GPS are effective on the date 
the Director approved variance is issued '[9 VAC 20-80- 
300.C.4.d.(l).(d); and 760.C.11. 

XI.G. STATISTICAL PROCEDURES 

When evaluating the groundwater sampling event results, the Permittee shall complete 
the following actions: 

XI.G.l use a statistical test meeting the requirements of 9 VAC 20-80-300.D. 

XI.G.2 within 3 days of completion of the laboratory analysis for each sampling event 
[9 VAC 20-80-300.A.4.h.(2)], determine whether or not there is a statistically 
significant increase over site background for each monitoring constituent using 
a method meeting the requirements of 9 VAC 20-80-300.A.4.h.(l) and 
300.A.4.g. 

XI.G.3 For the purpose of this Permit, laboratory analysis is considered complete upon 
issuance of the analytical report under laboratory signature. 

XI.G.4 Statistical comparisons are not required during the collection of background 
data during the First Determination period [9 VAC 20-80-300.C.4.bI or Phase 
2 background period [9 VAC 20-80-300.C.4.c.(4)]. 

XI.H &)DRESSING GPS AND MODIFIED PROGRAM EXCEEDANCES 

If the statistical comparisons required under the monitoring program show no 
exceedances, the Permittee shall continue monitoring groundwater within the current 
program [9 VAC 20-80-300.C.4.e.(2)] or as required under actions associated with the 
First Determination Report [9 VAC 20-80-300.C.4.b.(3).(a)]. 
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Actions concerning the results of the First Determination Report submission are 
discussed in detail under Section XI.L.4 of this Module. For those Permittees who 
remain in Phase 2 monitoring and determine there has been an exceedance over GPS for 
one or more of the Table 5.1 monitoring constituents, the Permittee shall: 

XI.H.l upon the end of the 30-day SSI determination period allowed by 9 VAC 20-80- 
300.A.4.h.(2), notify the Director within the timekame of 9 VAC 20-80- 
300.C.4.e.(3). The notification shall indicate which groundwater monitoring 
constituents have shown statistically significant increases over GPS and specify 
initiation of Corrective Actions required by 9 VAC 20-80-310.A and, if 
applicable, submittal of an Alternate Source Demonstration in accordance with 
9 VAC 20-80-300.A.5 as follows: 

XI.H.1.a Corrective Actions described under 9 VAC 20-80-310.A shall be 
initiated within the timefiames specified in, 9 VAC 20-80- 
300.C.4.e.(3).(a).(iv), including defining the horizontal and lateral 
extent of the GPS exceeding release and notifying any impacted 
landowners as required under 9 VAC 20-80-300.C.4.e.(3).(a). 
Alternate Source Demonstration submitted pursuant to 9 VAC 20- 
80- 300.C.4.e.(4) shall meet the content requirements ~d 
timeframe of 9 VAC 20-80-300.A.5. Unless Director approval of 
the demonstration is obtained, the Permittee shall follow the 
requirements and timeihnes of 9 VAC 20-80-300.B.3.g.(l). 

Modified Monitoring: When a Permittee has determined there has 
been an exceedance over Phase 1 site background during the initial 
Modified program sampling event for one or more of the 
monitoring parameters, the Permittee shall notify the Director of 
the exceedance within 14-days of completion of the statistical 
work. The notification shall indicate that the Permittee shall 
sample all wells for the Table 5.1 list of constituents within 90- 
days of the notification. Based on the results of the initial Modified 
program Table 5.1 sampling event, the Permittee shall: 

XI.H.l.a.(l) in those cases where no Table 5.5 constituents are 
found to exceed background, and no other Table 5.1 
constituents are detected, continue to conduct semi- 
annual sampling for the Phase 1 parameters and 
report any exceedances to the Director as required 
under X.H.l above and 

XI.H.l.a.(Z) conduct biennial sampling (once every two years) 
for the full Table 5.1 constituent list until such time 
as conditions in X.H.l.a.(3) are met. 
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XI.H.l.a.(3) in those cases where one or more Table 5.5 
constituents are found to exceed background andor 
one or more Table 5.1 constituents are detected, 
proceed from the Modified program back to the 
Phase 2 program and conduct semi-annual sampling 
for the Phase 2 constituents and determine 
background [9 VAC 20-80-300.C.5.b.(2)] as 
required under 9 VAC 20-80-300.C.4.c..(4) using 
the date of the Table 5.1 sampling event as the 
trigger date for the 18 month background period. 

XI.1. RECORD-KEEPING REOUIREMENTS 

The Permittee shall retain all records identified under 9 VAC 20-80-300.E.1 as well as 9 
VAC 20-80-570.B.1 and B.2 throughout the active life (including closure) and post- 
closure care period. 

The records shall be retained at the facility or another location approved by the Director. 

XI.J REPORTING REQUIREMENTS 

XI.J.l By March 1'' of each calendar year, the Permittee shall submit to the Director 
Annual aroundwater reports containing at a minimum the content described 
under 9 VAC 20-80-300.E.2.b, 

XI.J.2 Within 180 days of each semi-annual (or quarterly) sampling event, the 
Permittee shall submit to the Department, Semi-annual woundwater 
evaluations containing at a minimum, the groundwater flow rate and direction 
determinations required under 9 VAC 20-80-300.A.4.c and the results of the 
statistical comparisons required under 9 VAC 20-80-300.C.4.e XI.J.3 While 
background is being established, the Permittee shall report to the Director, 
within 15 days of receipt of the data fiom the laboratory, the laboratow 
analvtical results [9 VAC 20-80-300.E.2.aI for each background sampling 
event. 

XI.J.3 Within 30 days of establishing facility background in either the Phase 1 or 
Phase 2 programs, or re-establishing background due to the installation of new 
monitoring wells, or a change in sampling technique, the Permittee shall report 
the background values and statistical computations necessary to determine the 
values in a report entitled Facilitv Backzround Determination Report. While 
in Phase 2 program, the report shall be submitted in the timeframe defined 
under 9 VAC 20-80-300.C.4.c.(5). 
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Within 44 days of well completion, the Permittee shall supply the Director a 
Well Installation Report containing the well number, surveyed elevation, 0 
boring log, casing length, total depth, and a completion diagram for each 
monitoring well, along with a certification from a qualified groundwater 
scientist that the monitoring wells have been installed in accordance with the 
submittedplans [9 VAC 20-80-300.A.3.d; 300.A.3.E(3), and 300.E.l.cI. 

Within 44 days of well abandonment, the Permittee shall supply the Director a 
Well Abandonment Report containing information including field methods 
utilized, and a certification from a qualified groundwater scientist verifymg the 
well abandonment activities met all applicable requirements [9 VAC 20-80- 
300.E.l.c]. 

Upon issuance of GPS, the Permittee shall place the GPS listing in the 
operating record and update that record as needed upon any changes in GPS. 

X.K NOTIFICATION REOUIREMENTS 

Within the timefiames noted under 9 VAC 20-80-300.A.4.h.(2) and C.4.e.(3), 
the Permittee shall submit to the Director the GPS SSI Notifications 

Within 2 days of recognizing the non-performance of one or more wells, the 
Permittee shall submit to the Director Well Non-Performance Notifications 
pursuant to 9 VAC 20-80-570.C.1 - 3. 

Within the timeffames noted under 9 VAC 20-80-300.C.4.c.(2), the Permittee 
shall submit to the Director Table 5.1 Detect Notifications 

Within 14-days of identifjmg groundwater plume impacts, the Permittee shall 
submit Off-site Plume Notifications to the affected landowner [9 VAC 20-80- 
300.C.4.e.(3).(a).(iii)] and copy the Director 

XI.L. MISCELLANEOUS ALLOWANCES 

XI.L.l Alternate Site Background. The Permittee may request the Director allow site 
background to be developed using wells that are not hydrologically upgradient 
of the SWMU. The request shall address the technical criteria contained under 
9 VAC 20-80-300.A.4.e, and be certified by a qualified groundwater scientist. 
Until such time as Director approval is obtained, background shall be 
determined by sampling wells which are upgradient of the SWMU and meet 
the requirements of 9 VAC 20-80-300.A.3.f.(2). 

XI.L.2 Alternate Statistical Method. The Permittee may request the Director allow the 
use of an Alternate Statistical Method. The request shall demonstrate the 
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alternate method meets the technical criteria defined under 9 VAC 20-80- 
300.D.2. Until such time as Director approval is obtained, the statistical test 
applied to site groundwater data shall be in conformance with 9 VAC 20-80- 
300.D.l.a through d. The facility Groundwater Monitoring Plan shall reflect 
the applicable statistical method pursuant to 9 VAC 20-80-300.A.4.g. 

Verification Sampling. The Permittee, at any time within the 3 day statistical 
determination period defined under 9 VAC 20-80-300.A.4.h.(2), may obtain 
verification samples if the initial review of analytical data suggests results 
which might not be an accurate reflection of groundwater quality. 
Undertaking verification sampling is a voluntary action and shall not alter the 
timeframes associated with determining or reporting a statistically significant 
increase as otherwise defined under 9 VAC 20-80-300.A.4.h.(2). 

Data Validation. The Permittee may at any time within the 3 day statistical 
determination period defined under 9 VAC 20-80-300.A.4.h.(2), undertake 
third-party data validation of the analytical data received from the laboratory. 
Undertaking such validation efforts are a voluntary action and shall not alter 
the timeframes associated with determining or reporting a statistically 
significant increase as otherwise defined under 9 VAC 20-80-300.A.4.h.(2). 

Sanitarv Landfill Participation. Sanitary landfills which meet the criteria of 9 
VAC 20-80-300.C.l.a may monitor groundwater under the provisions of 9 
VAC 20-80-300.C.3,4, or 5 designed for CDD and Industrial landfills. 

5.1 Detect Deletions. The Permittee may request the Director allow previously 
detected Table 5.1 constituents to be dropped from the semi-annual Phase 2 
monitoring list provided the request is certified by a qualified groundwater 
scientist and verifies that the Table 5.1 constituent(s) in question have not 
been detected for a period of two years [9 VAC 20-80-300.C.4.e.(5)]. 

Return to Phase I. The Permittee may request the Director allow a return to 
Phase 1 monitoring provided the request is certified by a qualified 
groundwater scientist and verifies that all Table 5.1 constituent(s) have been 
found to be statistically at or below background levels for two consecutive 
Table 5.1 sampling events [9 VAC 20-80-300.C.4.e.(l)]. 

XI.M. MISCELLANEOUS DEMONSTRATIONS 

XI.M.1 To address an exceedance which is the result of something other than a release 
of solid waste constituents $?om the SWMU, a successful demonstration by 
the Permittee shall be made within 90 days of noting a statistically significant 
increase. The demonstration can be submitted in the form of a report entitled 
Alternate Source Demonstvation, certified by a qualified groundwater 
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scientist. The submission and approval t imehne  can be extended by the 
Director for good cause [9 VAC 20-80-300.A.51. 0 
XI.M.1.a If a successful demonstration of an alternate source for the noted 

increase is made by the Permittee and approved by the Director 
within the 3 day timeframe, the Permittee may continue in the 
Detection monitoring program as defined in this Permit Module. 

XI.M.1.b If a successful demonstration of an alternate source for the noted 
increase is not made by the Permittee within the 3 day timeeame, 
the Permittee shall take actions required under 9 VAC 20-80- 
300.C.4.e.(4) under the Regulatory timeframes unless an extension 
has been granted by the Director. 

XI.M.2 The Permittee may submit to the Director, a Multi- ini it Groundwater 
Moniton'np Svstem Demonstration containing the content defined under 9 
VAC 20-80-300.A.3.b and certified by a qualified groundwater scientist, to 
demonstrate s that the implementation of such a monitoring system is equally 
or more protective of human health and the environment as individual 
systems. 

XI.M.2.a If a successful demonstration is made and approved by the 
Director, the Permittee may discontinue use of individual 
monitoring systems and institute the monitoring of a multi-unit 
system. 

XI.M.2.b If a successfil demonstration is not made, the Permittee shall 
initiate (or continue) to monitor individual networks under 
Detection monitoring. 

XI.M.3 The Permittee may request the Director suspend groundwater monitoring 
requirements by submitting a No-Potential-Migration Demonstration, 
certified by a qualified groundwater scientist, and meeting the technical 
requirements of 9 VAC 20-80-300.A.l.c. 

XI.M.3.a If a successful demonstration is made and approved by the 
Director, the Permittee may suspend groundwater monitoring 
actions. 

XI.M.3.b If a successful demonstration is not made, the Permittee shall 
continue Phase 2 monitoring as required under 9 VAC 20-80- 
300.C.4 or Modified monitoring under 9 VAC 20-80-300.C.5. 

XI.M.4 Within 21 months of entering Phase 2 monitoring, the Permittee shall submit 
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to the Director a demonstration called a First Determination Report, certified 
by a qualified groundwater scientist, meeting the technical requirements of 9 
VAC 20-80-300.C.4.b.(l) and timeframes of 9 VAC 20-80-300.C.4.b.(2). 

XI.M.4.a If a successll demonstration is made that no Table 5.5 
constituents exceed background levels [9 VAC 20-80- 
300.C.4.b.(3).(a)] and the demonst~ation is approved by the 
Director, the Permittee may suspend Phase 2 monitoring and re- 
enter Phase 1 monitoring defined under 9 VAC 20-80-300.C.3. 

XI.M.4.b If a successful demonstration is not made, the permittee shall: 

XI.M.4.b.(l) continue monitoring as required under 9 VAC 20- 
80-300.C.4.(c), undertaking the initial Table 5.1 
sampling event within the timefiabes of 9 VAC 20- 
80-3OO.C.4.c.(2) or, 

XI.M.4.b.(2) submit an alternate source demonstration meeting 
the requirements of 9 VAC 20-80-300.A.5 and 
undertake the actions which may be required under 
9 VAC 20-80-300.C.4.b.(3).(c) based on the 
approval or denial of the demonstration. 

X1.N MODULE ATTACHMENTS 

As required under 9 VAC 20-80-520.C, the Permittee shall have an Operations Plan that 
includes detailed instructions concerning groundwater monitoring [9 VAC 20-80- 
520.C.2.al. These detailed groundwater monitoring instructions shall at a minimum cover 
the items listed under 9 VAC 20-80-300.A.4.a. The document containing these 
instructions, called the Groundwater Monitorinp Plan, shall be attached as Attachment 
X-1 to this Module. 

It shall be the responsibility of the Permittee to update this Plan as needed, which may 
include a Permit amendment action as defined under 9 VAC 20-80-620.A through F, if 
changes to the monitoring program have taken place since original Plan development. 
The Permittee shall update the existing plan if applicable under 9 VAC 20-80- 
300.C.4.d.(2) including any related amendment actions noted under 9 VAC 20-80- 
300.C.4.d.(3 or 4) unless the condition under 9 VAC 20-80-300.C.4.d.(2) is found 
applicable. 

XI.0 LIMITATIONS 

Solid waste shall not be deposited in or permitted to enter any surface waters or 
groundwater [9 VAC 20-80-250.C.101. 
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The groundwater monitoring and reporting requirements set forth here are minimum 
requirements. The Director may require, by amending the Permit, any owner or operator 
to install, operate, and maintain a groundwater monitoring system and program that 
contains requirements more stringent than those of the Regulations whenever it is 
determined 'that such requirements are necessary to prevent significant adverse effects on 
public health or the environment [9 VAC 20-80-300.A.2.cI. 

Should information contained in any Permittee authored attachment to this Module 
conflict with any requirement or condition contained herein, or language found within 9 
VAC 20-80-10 et seq., as amended; the Module condition andlor Regulatory requirement 
shall prevaiI over the language in the Permittee supplied attachment [see 9 VAC 20-80- 
60.D and 550.E] unless it can be demonstrated that a Variance &om that regulatory 
requirement has been granted by the Director under 9 VAC 20-80-730 et seq. 

When the Permittee recognizes a failure to submit any relevant facts or has submitted 
incorrect information in any groundwater monitoring report to the Director, he shall, 
withii 7-days, promptly submitted such omitted facts or the correct information with a 
full explanation [9 VAC 20-80-570.E]. 
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PERMIT MODULE XIV 

ADSORPTION BASED GROUNDWATER CORRECTNE ACTION 
MODULE 
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PERMIT MODULE 
X N  

ADSORPTION BASED 
GROUNDWATERCORRECTIVE ACTION [9 VAC 20-80-3101 

XN.A PURPOSE 

This Permit Module describes the adsorption-based ground water remediation technology to be 
implemented on site as a result of the statistically significant exceedance of the arsenic and sulfide 
groundwater protection standards (GPS). 

Attachments to this Module indude: . Corrective Action Plan 

Corrective Action Groundwater Monitoring Plan 

XN.B INTERIM MEASURES [9 VAC 20-80-310.C.l.cI 

At any time during the Corrective Action process, the Permittee or Director may determine that interim 
measures are required. Nothing in this Permit shall preclude the Permittee fiom performing interim 
measures at any time if required to reduce or eliminate the risk to human health and the environment, 
provided the interim measures are consistent with the goals of the Corrective Action Plan. 

If interim measures are required by the Director, the h-mittee shall respond with a plan for interim 
measures within 60 days of the Director's notification of the need for the requirement. 

XN.C REMEDY REQUIREMENTS [9 VAC 20-80-310.B.21 

The remedy proposed for the impacted aquifer shall: 11 gain control of the source of the release, 21 
comply with the standards for the management of waste, 31 be protective of human health and the 
environment, and 41 achieve all groundwater protection standards. 

XIV.D REMEDY DESCRIPTION 

The site-wide remedy consists of natural in-situ adsorption. Long term groundwater monitoring shall be 
implemented to measure the effectiveness of natural adsorption of arsenic and sulfide within the aquifer, 
a process catalyzed by iron, as further explained in Attachment XIV-1. 

XIV.E REMEDY IMPLEMENTATION [9 VAC 20-80-310.C.l.b and 6203.31 

XN.E.l Implementation of the attached Corrective Action Plan and its related monitoring 
program begins within 30 days after the date the Permit is amended to incorporate this 
Permit Module. 

XN.E.2 Any changes in the implementation of the remedy design or groundwater monitoring 
program shall require an amendment to the facility's Permit as noted under Table 7.2 to 
the VSWMR. 

XN.E.3 The Director has the authority to amend the Permit for any changes to Corrective 
Action if any conditions of 9 VAC 20-80-620.E.5 or E.8, & 9 VAC 20-80-310.C.2 
are found to be applicable. 
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XN.F ALTERNATE REMEDY ACTIONS [9 VAC 20-80-310.A.4.c; C.21 

Adsorption has been selected as the remedy of choice on site. 

The Permittee or Director ma7 determine, based on information obtained after COI ~ective Action h: 1s 
been implemented, that compliance with the requirements of 9 VAC 20-80-310.B.2 or C.5 are not being 
achieved by &e remedy selected. In such cases, the Permittee shall within 90-days ofthe determination: 

XN.F.l (udess the alternate remedy is already described in the Corrective Action Plan), submit 
a revised Corrective Action Plan describig the alternate remedy for Department 
review, 

XN.F.2 if the alternate remedy is already described in the existing Corrective Action Plan, 
submit any detailed design plans or monitoring component changes to the Department 
for review, 

XN.F.3 amend the facility's Permit to implement an alternate remedy, ,unless the Permittee 
submits the demonstration allowed under 9 VAC 20-80-310.C.3. 

XN.G REMEDY PERFORMANCE MONITORING [9 VAC 20-80-310.A.2; A.4.d; C.l.a] 

The groundwater remediation effort shall be coupled with a monitoring system designed to demonstrate: 

XN.G.l the areal extent (both vertical and horizontal) of the plume a t  concentrations which 
exceed background. Because both the horizontal and vertical aspects of the plume shall 
be monitored, the well network shall include wells installed to a depth appropriate to 
intersect all groundwater flow paths in the aquifer. 

XN.G.2 the effectiveness of the implemented Corrective Action Program. 

XIV.G.3 compliance with the groundwater protection standard. 

XN.G.4 whether the plume remains on site. 

XN.G.5 successful arsenic adsorption catalyzed by iron. 

The Permittee shall operate and maintain the groundwater monitoring wells on site as specified below, in. 
a manner which is at a minimum consistent with 9 VAC 20-80-300.A.3.e and 310.A.2.a. 
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XN.G.6 Well Defmitions 

Upgradient wells are designed to p5ovide site-specific background data and are 
monitored as part of the normal monitodng program identified and described 
in Permit Module XI. 

Compliance wells are monitored to determine whether the landfill has impacted 
groundwater quality at the waste management unit boundary as paxt of the 
normal groundwater monitodng program described in Permit Module XI. 

Sentinel wells are monitored to ensure there is no expansion of the plume or 
impact to sensitive receptors as a result of changes in plume migration post 
remedy implementation. These wells shall intercept groundwater which at a 
minimum shows no GPS exceedances, and preferably no (or only minimal) 
exceedances over background such that the data obtained from them can assist 
in delineating the full extent of the landfill-impacted groundwater. 

Performance wells are defined as wells monitored to help measure or quantify 
the success of in-situ arsenic adsorption. These wells, installed downgradient . 
of each GPS exceeding well, shall intercept groundwater which displays GPS 
exceedances. Data obtained from these wells is used to measure the 
'performance' of the adsorption remedy as well as to draw a line around that 
portion of the aquifer which continues to exceed GPS and thus requires 
remediation 

The Sentinel and Performance wells shall be positioned in a manner consistent 
with providing data required to measure the progress or effectiveness of 
adsorption in reducing the arsenic concentrations to GPS levels. The aquifer 
data required to demonstrate arsenic adsorption includes that which: (1) 
demonstrates the oxidation state of the aquifer within the plume of 
contamination and at the 'precipitation/oxidation' boundary, (2) can measure 
the relationship of other aquifer parameters in assisting or hindering chemical 
adsorption (i.e. total sulfide, total and dissolved iron, etc.), (3) identify the 
adsorbed forms of arsenic (4) verifies the plume is not expanding either 
vertically or horizontally, (5 )  verifies no unacceptable impact to on site or off 
site receptors, (6) can detect any new releases to the environrnenh and (7) 
verifies dean-up goals have been met. 

Sentinel and Performance wells shall be located along the same groundwater 
flow path as the corresponding impacted compliance well. Any inferences 
about adsorption based on decreases in contaminant concentrations in the 
downgradient direction may prove incorrect unless wells are located along the 
same downgradient groundwater flow path. Because both the horizontal and 
vertical aspects of the plume shall be monitored, the well network shall include 
wells installed to a depth appropriate to intersect all groundwater flow paths. 
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Well Certification 

The adequacy (correct placement) of the Corrective Action performance and sentinel 
wells shall be certified by a qualified groundwater professional. A copy of this 
certification shall be supplied to the Director within 90-days of Enal installation of the 
wells listed in this Module. 

Well Operations & Maintenance 

XIV.G.8.a The Permittee shall opqate and maintain the Corrective Action 
groundwater monitoring wells on site in a manner which is at a 
minimum, meets 9 VAC 20-80-300.A.3.e and allows the network to be 
operated as designed for the length of the Corrective Action Program. 

XIV.G.8.b Any new wells installed on site shall be constructed to meet the 
requirements of EPAk RCRA Groundwater Monitoring Technical 
Enforcement Guidance Document (TEGD). All boring logs and well 
completion diagrams/reports shall be tcansmitted under signature of a 
qualified groundwater professional to the Department within 30-days 
of completion of installation activities [9 VAC 20-80-300.A.3.dl. 

XIV.G.8.c The Director shall be notified prior to the abandonment of any site 
wells utilized during Corrective Action. WeUs shall be abandoned 
following the general requirements of EPKs RCRA Groundwater 
Monitoring Technical Enforcement Guidance Document (IEGD) 
and a well abandonment report shall be transmitted under signature of 
a qualified groundwater professional to the Department within 30- 
days of completion of field activities. 

X N . H . l  Requirements - The Permittee shall monitor all wells utilized during the Corrective 
Action Program for the constituents and frequencies defked below: 

GPS Constituents of Concern (COC) are defined as any constituent on the Table 5.1 
sampling list which has been identified at concentrations which exceed its respective 
GPS. 

Background 
Wells 

Performance 
Wells 

Sen&el Wells 

GPS and 
Background 

As required under Permit Module XI 

Quarterly for the 1st two 
years, then same as 
Compliance MOVs 

thereafter. 

GPS COCs and' 
Adsorption Performance 

Parameters 
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Adsorption Performance Parameters for this facility are listed below: 
Dissolved Arsenic 
Arsenic (III) and (V) speciation 
Total Iron (I1 and 111) 
Dissolved Iron 
Sulfide 

Other geochemical parameters listed below may be added to the 
Permittee's groundwater sampling plan volubtadly, as needed to provide site specific 
aquifergeochemistcy information which may be used to substantiate the rate ofsuccess of 
the adsorption process: 

Specific Conductance 
Oxidation-Reduction Potential (OW) 
Dissolved Oxygen 

pH 
Temperature 
Manganese 
Sulfate 
Turbiditg @TUs) 

Frequency -The semi-annual sampling period shall meet the requirements of 9 VAC 20- 
80-10. " A M U ~  in the context of annual sampling, means an interval corresponding to 
approximately 360 days. For the purposes of schedulingmonitoring activities, sampling 
within 30 days of the 360-day interval wiu be considered annual. If applicable, quarterly 
sampling shall be required as applied in the context of Section 10.1-1405 of Virginia 
Waste Management Act. 

Constituent Detects -Detects refers to any constituent found above the laboratory limit 
of detection POD)  during any sampling event. 

Verification Samples are used to maintain an acceptable site-wide false positive rates 
while ensuring the statistical test used has adequate power to detect changes in 
groundwater quality. A verification sampling strategy involves collecting a pre-planned 
number of additional, independent samples, andif suchmethods are employed on site, 
they shall be Eully described in the attached Corrective Action Monitoring Plan. 

If the Permittee is to employ such a sampling strategy, the alpha value shall be modified 
as outlined in the Department's most recent technical memorandum for Data Analysis 
Guidelines for Solid Waste Facilities. 9 VAC 20-80-300.A.4.h.(2) restricts the t i m e h e  
under which a Permittee can submit the results of any independent samples undertaken 
during verification efforts. Vedfication sampling events conducted outside this 
timeframe, but within the compliance period, may be submitted in the form of an 
Alternate Source Demonstration meeting the  requirements of 9 VAC 20-80-300.A.5. 

XIV.1 REMEDY PERFORMANCE DEMONSTRATIONS 

XIV.I.l Corrective Action System Evaluation (CASE) Submissions 
A report titled Corrective Action Status Evaluation (CASE) shall be submitted to the 
Dkector, with a copy provided under separate cover to the Public Data Repository, 
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once every three years, due on the calendar date the Permit was amended to implement 
the chosen remedy. The Permittee shall utilize the Department's Submission Instnlctions 
for CASE reports (2009 as amended) when assembling the CASE report for 
submission. 

The CASE reports, signed by a qualified groundwater professional, shall include the 
material requested within the Submission Instmdions, including but not limited to: 

XN.I.1.a The concentrations of all  sampled constibents identified above their 
respective detection lirnits,in the corrective action plan well network [9 
VAC 20-80-310.B.4.h.(2)] since remedy implementation. 

XN.I.1.b Plume maps showing the lateral and vertical extent of each constiment 
of concern found at levels above GPS and levels above background [9 
VAC 20-80-310.A.2.aI. 

XIV.1.l.c Calculated rate of contaminant migration during the CASE period [9 
VAC 20-80-300.A.4.cI. 

XN.I.1.d Potentiometsic surface map based on the most recent groundwater 
elevation data. 

XIV.I.1.e A discussion of the progress during the CASE period toward reaching 
GPS induding any revisions needed to the timelines initially provided 
in the attached Corrective Action Plan [9 VAC 20.80- 
310.A.4.a.(2).(a); (c); (d); a.(3), and 31 0.B.4.h. (3)]. 

XIV.I.1.f Copies of the field sampling records laboratory reports for all 
sampling events conducted during the CASE period [9 VAC 20-80- 
310.B.4.h.(7)]. 

XN.J REMEDY COMPLETION DEMONSTRATION [9 VAC 20-80-310.C.5, C.61 

XIV.J.l Certificate Submission 
Within 14-days of completing the groundwater remedy, the Permittee shall submit a 
Certification, signed by the Permittee and a qualified groundwater scientist stating all 
requirements of 9 VAC 20-80-310.C.5 have been met, (a copy of the Certification shall 
also be placed at the Public Data repositorg). 

XIV.J.2 CACR Submission 
Within 30-days of submission of the Certification, the Permittee shall submit for 
approval by the Director, a Corrective Action Completion Report (CACR), signed by a 
qualified groundwater scientist, demonstrating that the remedial actions have been 
successful in meeting the requirements of 9 VAC 20-80-310.C.5 including: 

XN.J.2.a Documentation that groundwater protection standards have been 
achieved at all Performance and Sentinel monitoringpoints within the 
plume of contamination beyond the compliance well network 
established under Permit Module XI [9 VAC 20-80-310.CS.al. 

XN.J.2.b Groundwater sampling data which proves there have been no 
statistical exceedances of groundwater protection standards for three 
consecutive years [9 VAC 20-80-310.CS.b] in any part of the plume. 
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XIV.J.2.c Documentation that all technical actions and certifications required to 
complete the remedy have been satisfied [9 VAC 20-80-310.C.S.c]. 

XIV.J.3 If, after review of the Certification and the CACR, the Director agrees that Corrective 
Action requirements have been met, the Permittee shall be released fiom the 
requirements of 9 VAC 20-80-310 and 9 VAC 20-70-10 et seq. If the Director finds 
that the presented materials do not substantiate that Corrective Action goals have been 
achieved, the Permittee shall remain under the requirements of 9 VAC 20-80-310.C 
until such time as these requirements have been met. 

X N . K  REMEDY ABANDONMENT [310.C.3] 

The Permittee can submit to the Director a Technical Infeasibility Report (TIR) describing the technical 
reasons why the clean-up objectives can not be practically met on site using the chosen remedy. If 
submitted, the TIR shall include: 

m . K . 1  The certification of a qualified groundwater scientist [9 VAC 20-80-310.C.3.a]. 

X N . K . 2  A discussion of the reasons why the chosen remedy, and any applicable back-up remedy 
were not successfd in meeeeting the Corrective Action requirements. 

X N . K . 3  Within 180 days of the Director's approval of the TIR demonstration, but no later than 
14 days prior to implementing any alternative measures [9 VAC 20-SO-310.C.3.d], the 
Permittee shall submit an Alternate Measures Report (M). The report shall be signed 
by a qualified groundwater scientist and shall describe the Alternate Measures to meet 
the requirements of 9 VAC 20-80-310.C.3.b and c. A copy ofthe AMR shall also be 
placed at the Public Data Repository. 

XTV.K.4 Upon the Director's approval of the TIR demonstration, if the Director agrees that the 
measures applied to the site meet the requirements of 9 VAC 20-80-310.C.3.b and c, the 
Permittee shall be released from the requirements of9 VAC 20-80-310 and 9 VAC 20- 
70-10 et seq. Conversely, if the Director finds that the presented measures do not meet 
the regulatoly requirements, the Permittee shall revise the AMR submission until such 
time as regulatory conformance is demonstrated. 

X N . K . 5  If the Director denies the results of the TIR demonstration, then within 180 days, the 
Permittee shall submit a revised Corrective Action Plan, signed by a 
qualified groundwater scientist. The Plan shall describe a new remedy to be applied on 
site to meet the requirements of 9 VAC 20-80-310.C and shall remain in 
Corrective Action until these requirements are met. 

X N . L  REMEDY RECORD-KEEPING REQUIREMENTS 

X N . L . l  The Permittee shall record in the facility operating record all actions related to the 
remedy installed on site, including but not limited to any manifests related to 
investigatively derived wastes, as well as any design plans, construction reports, as-built 
documentation, and waste manifests, where applicable. 

X N . L . 2  Throughout the life ofthe Corrective Action Monitodng Program, the Permittee shall 
place on file, in a location accessible to the public, copies of any Corrective Action 
program materials submitted to the Department including copies of the final Nature 
and Extent and Assessment of Corrective Measures reports. Consistent with the US 
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EPA's RCRA Public Participation Policy, the location chosen by the Permittee shall 
serve as the public data repository for all monitoring reports generated during the 
Corrective Action process and shall in part satisfy the requirements for public 
participation established under RCRA. The location of the public data repository is 
listed below in XIV.1. 

XN.L.3 CORRECTIVE ACTION DATA REPOSITORY 

Location Name: Major Hilliard Library . 
Location Address: 824 Old George Washington Hwy North 
Location City: Chesapeake, Virginia 

XN.M CORRECTIVE ACTION NOTIFICATION REQUIREMENTS 

XIV.M.1 System Preparation Update Notification 
During any site preparation phase concerning implementation of a surface water 
mitigation system, or monitoring well installation phase, the Permittee shall provide 
written or electronic status updates to theDiector every 30 days until such time as the 
construction of the components is considered complete [9 VAC 20-80-310.B.4.h.(l)]. 

XN.M.2 System Component Failure 
Emergency Modification Notification 
Within 7 days of noting any component failure, the Permittee shall submit to the 
Director, a notification describing the issue [9 VAC 20-80-310.B.4.h.(5)]. 

XN.M.3 System Modification 
If mo&fications other than those described in the attached Corrective Action Plan are 
required to correct deficiencies or enhance monitoring system performance after 
implementation of the remedy [9 VAC 20-80-310.B.4.h.(5)], the Permittee shall submit a 
written request to the Director for approval of the proposed changes no later than 60 
days prior to the date of the proposed modification. The notification shall include a 
description and drawings of the proposed modification; justification for the 
modification; and evaluation of the ~erformance improvements. 

XIV.M.4 System Design "As-builts" 
Well installation diagrams, boring logs, and the requisite certification from a 
groundwater professional shall be submitted as required under 9 VAC 20-80-300. As- 
builts for any other remedy component installed aFter remedy implementation shall be 
submitted within 30-days of construction completion. 

XIV.M.5 Miscellaneous Groundwater Notifications 

The Permittee shall report new background determinations, GPS exceedances, 
background exceedances, off-site impacts, dry wells, well abandonment, well 
installation, etc., in a manner consistent with requirements of 9 VAC 20-80-300 
unless otherwise defined in this Module. 
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XIV.N INVESTIGATIVELY D E W E D  WASTES [9 VAC 20-80-310.C.41 

If applicable, based on the remedy implemented onsite, all investigatively derived solid waste shall be 
managed in a manner that is protective of human health and the environmenf compliant wid1 all 
applicable state and federal requirements, and is consistent with the methods outlined in the attached 
Corrective Action Plan. 

X N . 0  SURFACE WATER INVESTIGATION 

XIV.O.l. Based on the potential for GPS COCs to discharge to surface water and potential benthic 
impairment to surface water on site, the permittee shall sample surface water in a manner 
consistent with the overall site remedy at the locations identified in Attachment XN-1. 

XIV.0.2. Locations & Parameters 
Surface water samples shall be collected fromSW-I, SW-2,SW-3, and SW-4, and analyzed 
for the constituent list identified in Attachment XIV-2, Section 3.0. 

XIV.0.2.a. These locations shall be permanently marked or flagged at the nearest 
shore to allow easy idenscation. 

XIV.0.2.b. The facility may add additional sampling locations as needed, based on 
the results of the surface water sampling. 

XIV.0.2.c. If the location of the sampling points needs modification in the Future, 
Dkector pre-approval shall be required. 

XIV.0.2.d. Sampling locations which do not contain a sufficient water column 
within which to sample shall not be required to be re-sampled dudng 
the compliance period. 

XN.0.2.e. The surface water sampling actions shall be conducted in a manner 
equivalent to QA/QC procedures used by either the USEPA or US 
Geological Survey when conducting environmental sampling of 
surface waters. Because the primary COCs are inorganic constiments, 
samples should be obtained in a manner which avoids excess 
suspended solids introduced to the water column by disturbing the 
channel bottom during sampling. 

XIV.0.2.E If sampling locations will be accessed by foot, then to the extent 
practical, the sampling of surface waters should take place during 'high 
tide'. This shall minimize any physical disturbance to the estuarian 
substrate. If, instead, the access to the sampling locations wiu be by 
boat, the timing of the sampling need not be keyed to tidal cycles. 

XIV.P MODULE ATTACHMENTS 
Attachments to this Module include, at a minimum, the Corrective Action Plan and the Corrective Action 
Monitoring Plan. 

It shall be the responsibility of the Permittee to update this Plan as needed, which may include Permit 
amendment as defined under 9 VAC 20-80-620.A - F, if changes to the monitoring program have taken 
place since Plan implementation. 

XN.Q LIMITATIONS 

42004



Should information contained in any Permittee-authored attachment to this Module conflict with any 
requirement or condition contained herein, or language found within 9 VAC 20-80-10 et seq., as 
amended; the Module condition and/or Regulatory requirement shall prevail over the language in the 
Permittee supplied attachment [see 9 VAC 20-SO-60.D and 9 VAC 20-80-550.E] unless it  can be 
demonstrated that a variance from that regulatory requirement has been granted by the Director under 9 
VAC 20-80-730 et seq. 

When the ~ e d t t e e  becomes aware that he failed to submit any relevant facts or submitted incorrect 
information in any groundwater monitoring report to the Director, he shall promptly submit such 
omitted facts or the correct information with an explanation [9 VAC 20-80-570.E]. 

X N . R  SCHEDULE OF COMPLIANCE 

XN.R.1. Implementation of Remedy 
Existing wells shall be used and redesignated as performance and sentinel wells as shown 
in the table at permit condition XIV.E. Each phase of the remedy is detailed in 
Attachment X N - 1  (9 VAC 20-80-310.B.4). The remedy (CAMP'monitoring) shall be 
initiated within 30 days of the approval of this amendment. Termination of the remedy 
shall be conducted in accordance with permit condition D . N .  If any condition arises 
which causes a delay in the completion of scheduled activities, the permittee shall follow 
the requirements of Permit Condition XIV.D.4. 

XN.R.2.  Supplemental Sediment Boring Assessment 
Attachment X N - &  pp. 20-22, describes how sediment coring shall be performed to 
provide direct evidence that the arsenic and sulfide adsorption process is capable of 
naturally attenuating arsenic and sulfide concentcations below GPS plior to discharge 
into adjacent surface water bodies. The work described shall be initiated, with the 
collection of at least thirty 1.5- foot sediment cores to produce at least three pore water 
and at least three sediment samples each analyzed for t o n  and arsenic as described in 
the CAP. The sampling, analysis, and reported results are to be initiated within 30 days 
of the approval of this amendment and completed within 180 days of initiation. If the 
study results are not successful, the permitted remedy shall either be modified or 
replaced to ensure successful arsenic and sulfide remediation at the facility. 

42005



PERMIT ATTACHMENT X N  - 1 

CORRECTIVE ACTION PLAN & Related Figures 

(Including Surface Water Monitoring) 

Please note that Attachments A through I of the 2008 CAP may be found in the Department's file hoIdings at 
the Tidewater Regional Office 
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PERMIT ATTACHMENT XIV - 2 

CORRECTIVE ACTION GROUNDWATER MONITORING PLAN 
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PERMIT MODULE 
X N  

ADSORPTION BASED 
GROUNDWATERCORRECTWE ACTION [9 VAC 20-80-3101 

XN.A PURPOSE 

This Permit Module describes the adsorption-based ground water remediation te&nology to be 
implemented on site as a result of the statistically significant exceedance of the arsenic and sulfide 
groundwater protection standards (GPS). 

Attachments to this Module include: . Corrective Action Plan 

Corrective Action Groundwater Monitoring Plan 

XIV.B INTERIM MEASURES [9 VAC 20-80-310.C.l.cI 

At any time during the Corrective Action process, the Permittee or Director may determine that interim 
measures are required. Nothing in this Permit shall preclude the Permittee from performing interim 
measures at any time if required to reduce or eliminate the risk to human health and the environment, 
provided the interim measures are consistent with the goals of the Corrective Action Plan. 

If interim measures are required by the Director, the Permittee shall respond with a plan for interim 
measures within 60 days of the Director's notification of the need for the requirement. 

XN.C REMEDY REQUIREMENTS [9 VAC 20-80-310.B.21 

The remedy proposed for the impacted aquifer shall: 11 gain control of the source of the release, 21 
comply with the standards for the management of waste, 31 be protective of human health and the 
environment, and 41 achieve all groundwater protection standards. 

XN.D REMEDY DESCRIPTION 

The site-wide remedy consists of natural in-situ adsorption. Long term groundwater monitoring sball be 
implemented to measure the effectiveness of natural adsorption of arsenic and sulfide within the aquifer, 
a process catalyzed by iron, as further explained in Attachment XN-1. 

XIV.E REMEDY IMPLEMENTATION 19 VAC 20-80-310.C.l.b and 620.F.31 

XN.E.1 Implementation of the attached Corrective Action Plan and its related monitodng 
program begins within 30 days after the date the Permit is amended to incorporate this 
Permit Module. 

XIV.E.2 Any changes in the implementation of the remedy design or groundwater monitoring 
program shall require an amendment to the fadlity's Permit as noted under Table 7.2 to 
the VSWIVIR. 

XIV.E.3 The Director has the authority to 'mend the Permit for any changes to Corrective 
Action if any conditions of 9 VAC 20-80-620.E.5 or E.8, & 9 VAC 20-80-310.C.2 
are found to be applicable. 
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X N . F  ALTERNATE REMEDY ACTIONS [9 VAC 20-80-310.A.4.c; C.21 

Adsorption has been selected as the remedy of choice on site. 

The Permittee or Director may determine, based on information obtained after Corrective Action has 
been implemented, that compliance with the requirements of 9 VAC 20-80-310.B.2 or C.5 are not being 
achieved by the remedy selected. In such cases, the Permittee shall within 90-days of the determination: 

XN.F.1 (unless the alternate remedy is already described in the Corrective Action Plan), submit 
a revised Corrective Action Plan descdbig the alternate remedy for Department 
review, 

XN.F.2 if the alternate remedy is already descdbed in the existing Corrective Action Plan, 
submit any detailed design plans or monitoring component changes to the Department 
for review, 

XIV.F.3 amend the facility's Permit to implement an alternate remedy, bnless the Permittee 
submits the demonstration allowed under 9 VAC 20-80-310.C.3. 

X N . G  REMEDY PERFORMANCE MONITORING [9 VAC 20-80-310.A.2; A.4.d; C.l.a] 

The groundwater remediation effort shall be coupled with a monitoring system designed to demonstrate: 

XIV.G.l the areal extent (both vertical and hodzontal) of the plume at concentrations whGh 
exceed background. Because both the horizon& and vertical aspects of the plume shall 
be monitored, the well network shall include wells installed to a depth appropriate to 
intersect all groundwater flow paths in the aquifer. 

XIV.G.2 the effectiveness of the implemented Corrective Action Program. 

XN.G.3 compliance with the groundwater protection standard. 

XIV.G.4 whether the plume remains on site, 

XIV.G.5 successful arsenic adsorption catalyzed by iron. 

The Permittee shall operate and maintain the groundwater monitoring w d s  on site as speafied below, in 
a manner which is at a minimum consistent with 9 VAC 20-80-300.A.3.e and 310.A.2.a. 
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XIV.G.6 Well Definitions 

Upgradient wells are designed to prpvide site-specific background data and are 
monitored as part of the normalmonitoringprogramidentified and described 
in Permit Module XI. 

Compliance wells are monitored to determine whether the landfill has impacted 
groundwater quality at the waste management unit boundary as part of the 
normal groundwater monitoring program described in Permit Module XI. 

Sentinel wells are monitored to ensure there is no expansion of the plume or 
impact to sensitive receptors as a result of changes in plume migration post 
remedy implementation. These wells shall intercept groundwater which at a 
minimum shows no GPS exceedances, and preferably no (or only minimal) 
exceedances over background such that the data obtained from them can assist 
in delineating the full extent of the landfill-impacted groundwater. 

Performance wells are defined as wells monitored to help measure or quantify 
the success of in-situ arsenic adsorption. These wells, installed downgradient 
of each GPS exceeding well, shall intercept groundwater which displays GPS 
exceedances. Data obtained from these wells is used. to measure the 
'performance' of the adsorption remedy as well as to draw a line around that 
portion of the aquifer which continues to exceed GPS and thus requires 
remediation 

The Sentinel and Performance wells shall be positioned in a manner consistent 
with providing data required to measure the progress or effectiveness of 
adsorption in reducing the arsenic concentrations to GPS levels. The aquifer 
data required to demonstrate arsenic adsorption includes that which: (1) 
demonstrates the oxidation state of the aquifer within the plume of 
contamination and at the 'precipitation/oxidadon' boundary, (2) can measure 
the relationship of other aquifer parameters in assisting or hindering chemical 
adsorption (i.e total sulfide, total and dissolved iron, etc.), (3) identify the 
adsorbed forms of arsenic (4) verifies the plume is not expanding either 
vertically or horizontally, (5)  verifies no unacceptable impact to on site or off 
site receptors, (6) can detect any new releases to the environment, and (7) 
verifies clean-up goals have been met. 

Sentinel and Performance wells shall be located along the same groundwater 
flow path as the corresponding impacted compliance well. Any inferences 
about adsorption based on decreases in contaminant concentrations in the 
downgradient direction may prove incorrect unless wells are located along the 
same downgradient groundwater flow path. Because both the horizontal and 
vertical aspects of the plume shall be monitored, the well network shall include 
wells installed to a depth appropriate to intersect all groundwater flow paths. 
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XN.G.7 Well Cemfication 

The adequacy (correct placement) of the Corrective Action p e r f o k c e  and sentinel 
wells shall be certified by a qualified groundwater professional. A copy of this 
certification shall be supplied to the Director within 90-days of finalinstallation of the 
wells listed in this Module. 

XIV.G.8 Well Operations & Maintenance 

XN.G.8.a The Permittee shall operate and maintain the Corrective Action 
groundwater monitoring wells on site in a manner which is at a 
minimum, meets 9 VAC 20-80-300.A.3.e and allows the netivork to be 
operated as designed for thelength of the Corrective Action Program. 

XIV.G.8.b Any new wells installed on site shall be constructed to meet the 
requirements of EPA's RCRA Groundwater Monitoring Technical 
Enforcement Guidance Document P G D ) .  All bodng logs and well 
completion diagrarns/reports shall be transmitted under signature of a 
qualified groundwater professional to the Department within 30-days 
of completion of installation activities [9 VAC 20-80-300.A.3.d]. 

XIV.G.8.c The Diector shall be notified prior to the abandonment of any site 
wells utilized during Corrective Action. Wells shall be abandoned 
following the general requirements of EPA's RCRA Groundwater 
Monitoring Technical Enforcement Guidance Document (IEGD) 
and a well abandoment report shall be transmitted under signature of 
a qualified groundwater professional to the Department within 30- 
days of completion of field activities. 

XN.H.l Requirements - The Permittee shall monitor all wells utilized dudng the Corrective 
Action Program for the constituents and Erequendes de h ed  below: 

Compliance & I Background As required under Permit Module XI 

RESULTS 
COMPARED TO 

CONSTITUENT 
LIST 

AIONITOR 
WELL 
W E  

thereafter. 

MONITORING 
FREQUENCY 

~ e ~ s  
Performance 

Wells 
Sentinel Wells 

GPS Constituents of Concern (COC) are defined as any constituent on the Table 5.1 
sampling list which has been identified at concentrations which exceed its respective 
GPS. 

GPS and 
Background Quarterly for the 1% two 

years, then same as 
Compliance MWs 

GPS COCs and' 
Adsorption Performance 

Parameters 

42011



Adsorption Performance Parameters for this facility are listed below: 
Dissolved ilrsenic 
Arsenic (IIl) and 03 speciation 
Total Iron (I1 and IIl) 
Dissolved Iron 
Sulfide 

Other geochemical parameters listed below m y  be added to the 
Permittee's groundwater sampling plan voluntady, as needed to provide site specific 
aquifer geochemistry information which may be used to substantiate the rate of success of 
the adsorption process: 

Specific Conductance 
Oxidation-Reduction Potential (OW) 
Dissolved Oxygen 

pH 
Temperame 
Manganese 
Sulfate 
Turbidity (NlWs) 

Frequency -The semi-annual sampling period shall meet the requirements of 9 VAC 20- 
80-10. "Annual," in the context of annual sampling, means an interval conesponding to 
approximately 360 days. For the purposes of scheduling monitoring activities, sampling 
within 30 days of the 360-day interval will be considered annual. If applicable, quarterly 
sampling shall be required as applied in the context of Section 10.1-1405 of Virginia 
Waste Management Act. 

Constituent Detects - Detects refers to any constituent found above the laboratoqlimit 
of detection (LOD) during any sampling event 

Verification Samples are used to maintain an acceptable site-wide false positive rates 
while ensuring the statistical test used has adequate power to detect changes in 
groundwater quality. A verification sampling strategy involves collecting a pre-plmed 
number of additional, independent samples, and if such methods are employed on site, 
they shall be fully described in the attached Corrective Action Monitoring Plan. 

If the Permittee is to employ such a sampling strategy, the alpha value shall be modified 
as outlined in the Department's most recent technical memorandum for Data Analysis 
Guidelines for Solid Waste Facilities. 9 VAC 20-80-300A.4.h.(2) restricts the timeframe 
under which a Permittee can submit the results of any independent samples undertalren 
during verification efforts. Verification sampling events conducted outside this 
timekame, but within the compliance period, may be submitted in the form of an 
Alternate Source Demonstration meeting the requirements of 9 VAC 20-SO-300.A.5. 

XN.1 REMEDY PERFORMANCE DEMONSTRATIONS 

XN.I.l Corrective Action System Evaluation (CASE) Submissions 
A report titled Corrective Action Status Evaluation (CASE) shall be submitted to the 
Director, with a copy provided under separate cover to the Public Data Repository, 

XIV-5 
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once evey thee yea&, due on the calendar date the Permit was amended to implement 
the chosen remedy. The Permittee shall utilize the Department's S~bmission Instnrctions 
for CASE reports (2009 as amended) when assembling the CASE report for 
submission. 

The CASE reports, signed by a qualified groundwater professional, shall include the 
material requested within the -, including but not limited to: 

XN.I.1.a The concentrations of all sampled consutuents identified above their 
respective detection limits in the corrective action plan well network [9 
VAC 20-80-310.B.4.h.(2)] since remedy implementation. 

XN.I.1.b Plume maps showing the lateral and vertical extent ofeach constituent 
of concern found at levels above GPS and levels above background [9 
VAC 20-80-310.A.2.aI. 

XN.I.1.c Calculated rate of contaminant migration dudng the CASE period [9 
VAC 20-80-300.A.4.cI. 

XN.I.1.d Potentiomemc surface map based on the most recent groundwater 
elevation data. 

XN.I.1.e A discussion of the progress during the CASE period toward reaching 
GPS including any revisions needed to the timelines initially provided 
in the attached Conective Action Plan [9 VAC 20-80- 
310.A.4.a.(2).(a); (c); (d); a.(3), and 310.B.4.h.(3)]. 

XN.I.1.f Copies of the field sampling records laboratoy reports for all 
sampling events conducted during the CASE period [9 VAC 20-80- 
310.B.4.h.(7)]. 

XIV.J REMEDY COMPLETION DEMONSTRATION [9 VAC 20-80-310.C.5, C.G] 

XIV.J.1 Certificate Submission 
Within 14-days of completing the groundwater remedy, the Permittee shall submit a 
Certification, signed by the Permittee and a qualified groundwater scientist stating all 
requirements of 9 VAC 20-80-310.C.5 have been met, (a copy ofthe Certification shall 
also be placed at the Public Data repository). 

XIV.J.2 CACR Submission 
Within 30-days of submission of the Certification, the Permittee shall submit for 
approval by the Director, a Corrective Action Completion Report (CACR), signed by a 
qualified groundwater saentist, demonstrating that the remedial actions have been 
successful in meeting the requirements of 9 VAC 20-80-310.C.5 including: 

XN.J.2.a Documentation that groundwater protection standards have been 
achieved at all Performance and Sentinel monitoringpoints within the 
plume of contamination beyond the compliance well network 
established under Permit Module XI [9 VAC 20-80-310.CS.a]. 

XN.J.2.b Groundwater sampling data which proves there have been no 
statistical exceedances of groundwater protecdon standards for three 
consec~tive'~ears [9 VAC 20-80-310.C.5.b] in any part of the plume. 
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XIV.J.2.c Documentation that all technical actions and certifications required to 
complete the remedy have been satisfied [9 VAC 20-80-310.C.5.cI. 

XN.J .3  If, after review of the Certification and the CACR, the Director agrees that Corrective 
. Action requirements have been met, the Permittee shall be released from the 

requirements of 9 VAC 20-80-310 and 9 VAC 20-70-10 et seq. If the Director finds 
that the presented materials do not substantiate that Corrective Action goals have been 
achieved, the Permittee shall remain under the requirements of 9 VAC 20-80-310.C 
u n d  such time as these requirements have been met. 

X N . K  REMEDY A B A N D O N M E N T  [310.C.3] 

The Permittee can submit to the Director a Technical Infeasibiliv Repoa V R )  describing the technical 
reasons why the clean-up objectives can not be practically met on site using the chosen remedy. If 
submitted, the TIR shall include: 

XIV.K.1 The certification of a qualified groundwater scientist [9 VAC 20-80-310.C.3.aI. 

XN.K.2  A discussion of the reasons why the chosen remedy, and any applicable backup remedy 
were not successful in meeting the Corrective Action requirements. 

XN.K .3  Within 180 days of the Director's approval of the TIR demonstration, but no later than 
14 days prior to implementing any alternative measures [9 VAC 20-80-310.C.3.d], the 
Permittee shall submit an Alternate Measures Repoa (AMR). The report shall be signed 
by a qualified groundwater scientist and shall describe the Altemate Measures to meet 
the requirements of 9 VAC 20-80-310.C.3.b and c A copy of the AMR shall also be 
placed at the Fublic Data Repository. 

XN.K.4 Upon the Director's approval of theTIR demonstration, if the Director agrees that the 
measures applied to the site meet the requirements of 9 VAC 20-80-310.C.3.b and c, the 
Permittee shall be released from the requirements of 9 VAC 20-80-310 and 9 VAC 20- 
70-10 et seq. Conversely, if the Director finds that the presented measures do not meet 
the regulatory requirements, the Permittee shall revise the AMR submission until such 
time as regulatory conformance is demonstrated. 

XN.K .5  If the Director denies the results of the TIR demonstration, then within 180 days, the 
Permittee shall submit a revised Corrective Action Plan, signed by a 
qualified groundwater scientist. The Plan shall describe a new remedy to be applied on 
site to meet the requirements of 9 VAC 20-80-310.C and shall remain in 
Corrective Action until these requirements are met. 

X W . L  REMEDY RECORD-KEEPING REQUIREMENTS 

X N . L . l  The Permittee shall record in the facilitg operating record all actions related to the 
remedy installed on site, including but not limited to any manifests related to 
investigatively derived wastes, as well as any design plans, construction reports, as-built 
documentation, and waste manifests, where applicable. 

X N . L . 2  Throughout the life of the Corrective Action Monitoring Program, the Permittee shall 
place on file, in a location accessible to the public, copies of any Corrective Action 
program materials submitted to the Department including copies of the final Nature 
and Extent and Assessment of Corrective Measures reports. Consistent with the US 
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EPA's RCRA Public Participation Policy, the location chosen by the Permittee shall 
serve as the public data repository for all monitodng reports generated during the 
Corrective Action process and shall in part satisfy the requirements for public 
participation established under RCRA. The location of the public data repository is 
listed below in XnT.1. 

XN.L.3 CORRECTIVE ACTION DATA REPOSITORY 

Location Name: Major Hilliard Library . 
Location Address: 824 Old George Washington Hwy North 
Location City: Chesapeake, Virginia 

XIV.M CORRECTNE ACTION NOTIFICATION REQUIREMENTS 

XIV.M.l System Preparation Update Notification 
During any site preparation phase concerning implementation of a surface water 
mitigation system, or monitoring well installation phase, the Permittee shall provide 
written or electronic status updates to the Director every 30 days until such time as the 
construction of the components is considered complete [9 VAC 20-80-310.B.4.h.(l)]. 

XIV.M.2 System Component Failure 
Emergency Modification Notification 
Within 7 days of noting any component failure, the Permittee shall submit to the 
Director, a notification describing the issue [9 VAC 20-80-310.B.4.h.(5)]. 

X N . M . 3  System Modification 
If modifications other than those described in the attached Corrective Action Plan are 
required to correct deficiencies or enhance monitoring system performance after 
implementation of the remedy [9 VAC 20-80-310.B.4.h.(5)], the Permittee shall submit a 
written request to the Director for approval of the proposed changes no later than 60 
days prior to the date of the proposed modification. The notification shall include a 
description and drawings of the proposed modification; justification for the 
modification; and evaluation of the performance improvements. 

XIV.M.4 System Design "As-builts" 
Well installation diagrams, boring logs, and the requisite certification from a 
groundwater professional shall be submitted as required under 9 VAC 20-80-300. As- 
builts for any other remedy component installed after remedy implementation shall be 
submitted within 30-days of construction completion. 

X N . M . 5  Miscellaneous Groundwater Notifications 

The Permittee shall repoa new bacliground determinations, GPS exceedances, 
background exceedances, off-site impacts, dry wells, well abandonment, well 
installation, etc., in a manner consistent with requirements of 9 VAC 20-80-300 
unless otherwise defined in this Module. 
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XIV.N INVESTIGATIVELY DERIVED WASTES [9 VAC 20-80-310.C.41 

If applicable, based on the remedy implemented onsite, all investigatively derived solid waste shall be 
managed in a manner that is protective of human health and the environment, compliant with all 
applicable state and federal requirements, and is consistent with the methods outlined in the attached 
Corrective Action Plan. 

X N . 0  SURFACE WATER INVESTIGATION 

XIV.O.l. Based on the potential for GPS COCs to discharge to surface water and potential benthic 
impairment to surface water on site, the permittee shall sample surface water in a manner 
consistent with the overall site remedy at the locations identified in Attachment XIV-1. 

XIV.0.2. Locations & Parameters 
Surface water samples shall be collected from SW-I, SW-2, SW-3, and SW-4, and analyzed 
for the constituent list identified in Attachment XIV-2, Section 3.0. 

XIV.0.2.a. These locations shall be permanently marked or flagged at the nearest 
shore to allow easy identification. 

XN.0.2.b. The facility may add additional sampling locations as needed, based on 
the results of the surface water sampling. 

XIV.0.2.c. If the location of the sampling points needs modification in the future, 
Director pre-approval shall be required. 

XIV.0.2.d. Sampling locations which do not contain a sufficient water column 
within which to sample shall not be required to be re-sampled during 
the compliance period. 

XIV.0.2.e. The surface water sampling actions shall be tonducted in a manner 
equivalent to QA/QC procedures used by either the USEPA or US 
Geological Survey when conducting environmental sampling of 
surface waters. Because the primary COCs are inorganic constituents, 
samples should be obtained in a manner which avoids excess 
suspended solids introduced to the water column by disturbing the 
channel bottom during sampling. 

XIV.0.2.f. If sampling locations will be accessed by foot, then to the extent . 
practical, the sampling of surface waters should take place during %igh 
tide'. This shall minimize any physical dishubance to the estuarian 
substrate. If, instead, the access to the sampling locations will be by 
boat, the timing of the sampling need not be keyed to tidal cycles. 

XN.P MODULE ATTACHMENTS 
Attachments to this Module include, at a minimum, the Corrective Action Plan and the Corrective Action 
Monitoring Plan. 

It shall be the responsibility of the Permittee to update this Plan as needed, which may indude Permit 
amendment as defined under 9 VAC 20-80-620.A - F, if changes to the monitoring program have taken 
place since Plan implementation. 

XN.Q LIMITATIONS 
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Should information contained in any Permittee-authored attachment to this Module conflict with any 
requirement or condition contained herein, or language found within 9 VAC 20-80-10 et seq., as 
amended; the Module condition and/or Regulatory requirement shall prevail over the language in the 
Permittee supplied attachment [see 9 VAC 20-80-60.D and 9 VAC 20-80-550.E] unless it can be 
demonstrated that a variance from that regulatoryrequirement has beengranted by the Director under 9 
VAC 20-80-7?0 et seq. 

When the Permittee becomes aware that he failed to submit any relevant facts or submitted incorrect 
information in any groimdwater monitoring report to the Director, he shall promptly submit such 
omitted facts or the correct information with an explanatioq [9 VAC 20-80-570.E]. 

XW.R SCHEDULE O F  COMPLIANCE 

XIV.R.1. Implementation of Remedy 
Existing wells shall be used and redesignated as performance and sentinel wells as shown 
in the table at permit condition XIV.E. Each phase of the remedy is detailed in 
Attachment XN-1  (9 VAC 20-80310.B.4). The remedy (CAMP monitoring) shall be 
initiated within 30 days of the approval of this amendment. Termination of the remedy 
shall be conducted in accordance with permit condition XIV.N. If any condition arises 
which causes a delay in the completion of scheduled activities, the pennittee shall follow 
the requirements of Permit Condition XN.D.4. 

XIV.R.2. Supplemental Sediment Boring Assessment 
Attachment X N - l  pp. 20-22, describes how sediment coring shall be performed to 
provide direct evidence that the arsenic and sulfide adsorption process is capable of 

7 naturally attenuating arsenic and sulfide concentrations below GPS prior to discharge 
into adjacent surface water bodies. The work desuibed shall be initiated, with the 
collection of at least thirty 1.5- foot sediment cores to produce at least three pore water 
and at least three sediment samples each analyzed for iron and arsenic as described in 
the CAP. The sampling, analysis, and reported results are to be initiated within 30 days 
of the approval of this amendment and completed within 180 days of initiation. If the 
study results are not successful, the permitted remedy shall either be modified or 
replaced to ensure successful arsenic and sulfide remediation at the facilitg. 
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PERMIT ATTACHMENT XIV-  1 

CORRECTWE ACTION PLAN (Including Surface Water Monitoring) 
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EXECUTIVE SUMMARY 

Arsenic has been detected in groundwater monitoring wells surrounding the Chesapeake Energy 
Center (CEC) Ash Landfill. Dissolved arsenic concentrations in water samples from the approved 
monitoring network near the periphery of the landfill have exhibited concentrations as high as 396 
pglL. The groundwater protection standard (GPS) for arsenic is 10 pglL. Dominion entered the 
DEQ corrective action program in 2002 as a result of the arsenic GPS exceedence. Groundwater 
is not used for drinking water at the site, and a human health and ecological risk assessment 
indicated that there was no unacceptable risk to receptors. The primary source of the arsenic 
entering the groundwater is believed to be wet ash from former ash settling basins. The current 
dry ash landfill was constructed with a geomembrane liner in 1985, above the former settling 
basins. 

Arsenic mobility in the subsurface can be affected by formation of precipitates and adsorption onto 
aquifer minerals. Both of these processes can remove dissolved arsenic from groundwater, 
resulting in natural attenuation that could potentially lower arsenic concentrations below the GPS. 
In order to evaluate the significance of arsenic natural attenuation at the CEC, geochemical 

testing and analysis was conducted on a series of groundwater and sediment samples. 

The results of the recent geochemical investigation indicate that arsenic adsorption onto minerals 
is the primary natural attenuation process in the aquifer beneath the CEC Ash Landfill. The 
amount of arsenic that has adsorbed to aquifer sediments near the periphery of the landfill 
correlates with the amount of iron adsorbent in the sediments. Although significant adsorption of 
arsenic has taken place, the amount of iron oxide adsorbent associated with these sediments is 
not sufficient to maintain dissolved arsenic concentrations below the GPS within the monitored 
area. There is a potential for the elevated arsenic in groundwater to be further attenuated by 
adsorption onto iron minerals in the subsurface mixing zone between groundwater and surface 
water prior to groundwater discharge to the Southern Branch Elizabeth River (SBER). 

Geochemical modeling simulations demonstrated that attenuation via adsorption will reduce 
dissolved arsenic concentrations in the groundwater and surface water mixing zone. The 
supplemental geochemical assessment proposed as part of this Corrective Action Plan (CAP) is 
intended to verify the presence of this mixing zone and the adsorption of arsenic. The Correcfwe 
Action Monitoring Program (CAMP) is designed to demonstrate that attenuation by adsorption is 
an active process at this site through which the mobility of arsenic is controlled beyond the site 
boundary. 

*An Equal Opportunity Employer" 
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1.0 INTRODUCTION 

This Corrective Action Plan (CAP) has been prepared for the Chesapeake Energy Center (CEC) 
Ash Landfill located in Chesapeake, Virginia. A site location map is included as Figure 1. The 
purpose of this CAP is to present a remedy that is of human health and the environment 
and complies with applicable state and federal standards pertaining to the management of solid 
waste. The CAP has been prepared based on data included in the Nature and Extent Study 
(NES)IAssessment of Corrective Measures (ACM) report (URS, 2003) the Risk Assessment 
(MACTEC, 2003) and the recent geochemical investigation data presented herein. In addition, 
this CAP reflects the revisions submitted and approved by the Virginia Department of 
Environmental Quality (DEQ) as required by the following: 

. 1012512006 Is' Technical Review - CAP; . 3/22/2007 2nd Technical Review - CAP; 

413012007 3d Technical Review - CAP; and 

113012008 Final Technical Review 

The Technical Review letters provided by the DEQ are included in Attachment A. 

This document was prepared in general accordance with the Virginia Department of 
Environmental Quality's Submission Instructions No. 17 - Corrective Action Plan, Submission 
Instructions No.21 - MNA-based CAMPS, and the Virginia Administrative Code 9 VAC 20-80-310. 

%'an Equal Opporfuniiy Employef 

42024



Corrective Action Plan Page 3 
Dominion Generation, Chesapeake Energy Center. Vepco Street. Chesapeake VA February 2008 

2.0 GEOCHEMICAL INVESTIGATION 

Pursuant to NESlACM technical review comments received from DEQ in 2005, Dominion 
collected additional hydrogeological and geochemical data to further support a monitored natural 
attenuation CAP. This section of the CAP outlines the scope of the recent geochemical 
investigation. Groundwater and Environmental Services, Inc. (GES) collected groundwater 
samples at 17 wells located in the vicinity of the CEC Ash Landfill and 15 sediment samples 
collected at various depths from four wells located near the perimeter of the landfill. The sediment 
samples were evaluated by Battelle using water extractions and sequential selective extractions. 
Data from these extractions and the groundwater samples were combined with geochemical 
modeling to evaluate phase associations and the mobility of arsenic in the aquifer surrounding the 
CEC Ash Landfill (see Battelle Report, Attachment 6). Results from the geochemical 
investigation indicate that arsenic adsorption onto minerals is the primary natural attenuation 
process in the aquifer beneath the CEC landfill. 

In November 2005, GES personnel contracted Boart Longyear Co. to install six new monitoring 
wells, (MW-5D, CECW-2D, CECW-3D, CECW-8D, PO-8D, PO-IOD). The new wells were 
installed adjacent to existing shallow wells to provide water quality and hydraulic head data across 
the uppermost aquifer. Construction details for the new wells are provided in Table 1. All new 
wells were installed with five foot PVC screen at a depth such that the screen was emplaced just 
above the Yorktown confining unit. Each well was completed with a PVC riser to two feet above 
ground surface and finished with a protective steel casing. Filter sand was dispensed around the 
screen to two feet above the screen. Wells were sealed with two feet of bentonite above the sand, 
and completed with grout to ground surface. Each new well is co-located adjacent to a shallow 
well for the purpose of providing groundwater data for both the shallow and the deep portion of the 
aquifer across the site. Locations of new wells are depicted on Figure 2. Boring Logs for these 
wells are included as Attachment C. Soil samples were taken from four of the six wells, (MW-5D, 
CECW-8D, PO-8D, PO-IOD); sampling results are provided as Table 2. Laboratory certificates of 
analysis are provided in Attachment D. Soil was analyzed for multiple parameters by the 
following laboratories: 

Battelle, Richland Washington, analyzed samples for concentrations of adsorbed species 
by ~attelle; . Applied Speciation and Consulting Inc., Tukwila Washington, analyzed samples for total 
metals . E-Lab Analytical inc., Houston Texas, analyzed samples for total sulfur and total organic 
carbon. 

After installation of new monitoring wells, GES personnel developed both the new and existing 
monitoring wells that would be included in the sampling regimen. Monitoring wells were gauged 
and then surged using a two inch surge block to remove fine sediment from the well screen. After 
surging, groundwater was purged from the well using a two inch Grundfos pump with control box. 

'An Equal Oppodunity Employer" 
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Wells were purged until turbidity stabilized, at which point general water quality parameters 
(dissolved oxygen, turbidity, oxidation-reduction potential, pH, specific conductance, and 
temperature) were measured in a flow cell using a YSI Sonde 6820. 

GES also installed four groups of nested piezometers, (PW-1, PW-2, PW-3, and PW-4). The 
piezometers were installed downgradient of the existing minitoring wells, near the adjoining 
surface water bodies to monitor the water quality at multiple depths along the groundwater/surface 
water interface. Locations of piezometers are provided on Figure 2. Piezometers are composed 
of a six inch metal well screen, approximately a half an inch in diameter, attached to a length of 
poly tubing running from the screen to ground surface. They were installed by driving steel rods, 
encasing the screens, into the ground using an air hammer. The space surrounding the screen 
and tubing was filled with number two filter sand to six inches below ground surface, and 
completed with bentonite to ground surface. Each location has a piezometer installed at the 
following depths below ground surface: 

Monitoring wells sampled as part of this geochemical investigation included MW-5, MW-5D, PO-8, 
PO-8D, CECW-61, CECW-6D, CECW-10, CECW-15, CECW-8, CECW-8D, PO-10, PO-IOD, 
CECW-3, CECW-3D. CECW-2, CECW-2D, CECW-1, and CECW- ID. Because wells CECW-8 
and PO-8 could not be properly purged they were not sampled. 

Sampling at each well began by gauging and recording the water level. Prior to gauging, the 
interface probe was decontaminated with an Alconox solution and rinsed using distilled water. A 
Gwndfos pump with dedicated tubing was then used to purge the well. Prior to placing the pump 
into the well, the pump was decontaminated by pumping an Alconox solution followed by a 
distilled water rinse through the pump. Using a Lamotte turbidity meter, turbidity was measured 
periodically during the purging process. Turbidity is considered to be the primary bias factor 
regarding metals analyses, so wells were purged until the turbity was under ten NTU's. Grundfos 
pump flow was then reduced to a rate appropriate for low-flow sampling (100 to 200 mllmin). 
Using a YSI Sonde 6820 and flow cell, field parameters (dissolved oxygen, turbidity, oxidation- 
reduction potential, pH, specific conductance, and temperature) were logged every three minutes 
until all parameters stabilized. A summary of field parameters are presented in Table 3. The YSI 
was disconnected and the following samples were collected from each well in the sampling 
regimen: 

Total metals1 in-organics by EPA method 200.8 modified (ICP-DRC-MS) 

Acenaphthalene and Dibenzofuran by SW-846, method 8270C 

Sulfide by SW-846, method 9034 
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Alkalinity 

Major anions - HCO~ICOJ, S04, CI, NOS, NO2 . Major cations - Ca. Mg, Na, K, NH4 . Total Inorganic Carbon as CaC03 

TOC by EPA 300 Series and SW-846 Method 60108 

To ensure quality control, the following samples were taken: 

. 2 MSIMD, an equipment blank, and a field duplicate 

All samples were packed in a cooler with ice and a field blank, and shipped on a daily basis. Total 
metalslin-organics were shipped to Applied Speciation and Consulting Inc. in Tukwila Washington. 
All other samples were shipped to E-lab Analytical Inc. in Houston Texas. The laboratoty 
analytical results for the groundwater sampling are summarized in Table 4; the Laboratory 
Certificates of Analysis are provided in Attachment E. 

Several attempts were made to collect field measurements from the piezometers using a battery 
operated peristaltic pump and the Sonde YSI 6820. Due to lack of flow from the piezometers as a 
result of the presence of a layer of organic-rich material encountered along the bank of the 
peninsula, water quality samples could not be collected as proposed. 

"An Equal Opportunity Employe? 
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3.0 SITE DESCRIPTION 

3.1 Physical Setting 

CEC occupies approximately 145 acres of property, approhately 8 miles west of Virginia Beach 
and 7 miles south of the city of Norfolk. The existing coal ash landfill is located on a peninsula in 
the southern portion of the CEC property. The landfill is bordered by the SBER to the East, Deep 
Creek to the South, and a non-contact cooling water channel to the West. 

Adjoining land is marsh and grass lands with various industrial facilities across the SBER from the 
landfill. The surrounding area is highly developed for commercial, industrial, and residential use. . . 

A Risk Assessment for CEC was prepared by MACTEC in December of 2003 and is included as 
Attachment F. The assessment found that the nearest residences were 2,000 feet to the West 
and up-gradient of the landfill. There are no potable wells within 1,000 feet of the landfill; CEC and 
structures in the city obtain water from public water supply lines. The shallow aquifer is not 
expected to ever be used as a drinking water source due to the salinity of the water. 

Possible onsite receptors were identified as non-Dominion employees, Dominion employees, 
adjoining surface waters, and terrestrial biota living on the landfill peninsula. The Landfill, by and 
large, is surrounded by a chain link fence and non-employees are inst~cted not to enter the 
landfill area; therefore, they are not likely receptors. Since Dominion employees have no contact 
with the groundwater, and minimal contact with the landfill soil, the exposure pathway is 
incomplete for said employees as well. 

Adjoining surface waters were sampled during the Risk Assessment conducted in 2003. Surface 
waters did not exhibit arsenic concentrations above the Ambient Water Quality Criteria (AWQC) or 
an increase of arsenic that would be expected from a groundwater contribution. The Elizabeth 
River project (2003) listed the SEER as a severe problem for all measurement factors, except 
metals. In fact, the SEER rates metals as "no problem". 

The terrestrial biota on the landfill is considered to be limited by the large amount of human 
activity (i.e., heavy machinery use) and the minimal area that can provide an ecological niche. The 
individual song birds that do make their home on the peninsula marsh have foraging habits that 
preclude significant contact with the landfill slope substrate, and therefore are at minimal risk. 

3.2 Aquifer Recognit ion 

The hydrologic framework of the shallow aquifer system is composed of the Colombia Aquifer 
which resided mostly in the Norfolk Formation. The Norfolk Formation is underlain by the 
Yorktown Confining Unit. The Norfolk Formation is composed of sands and silts with an average 
hydraulic conductivity of 287 to 323 feet1 year with conductivities decreasing with depth (URS, 
2003). 

"An Equal Opportunity Employer" 

42028



Corrective Action Plan Page 7 
Dominion Generation, Chesapeake Energy Center, Vepm Street. Chesapeake VA February 2008 

Above the Norfolk Formation resides various fill materials, which may contain ash from the ash 
sluicing activities that predate the current landfill. Average hydraulic conductivity in the fill material 
is 1.5 to 5 feeffyear (URS, 2003). Due to the mounding in this area, it is believed that there is an 
Anthropogenic Water Bearing Unit (AWBU) within this fill material (URS, 2003). Impacted 
groundwater is thought to flow radially outward and downward from the landfill area into the 
AWBU, then locally to the shallow Colombia Aquifer, draining into the cooling water channel, 
Deep Creek, and the SEER. Potentiometric maps for both the deep wells and the shallow wells 
are included as Figures 3 and 4. 

Currently there are structural controls in place to limit the migration of contamination. The remnant 
ash from the pre-landfill sluicing activities is currently capped by a 20 mil high density polyethylene 
(HDPE) flexible geomembrane layer. This HDPE layer also functions as a liner underneath the 
functioning landfill area. 

3.3 Monitoring Well Network 

A series of shallow and deep nested wells are located along the perimeter of the CEC landfill. 
Groundwater monitoring has been conducted at the site since 1984, primarily from the upper 
portion of the aquifer. Data collected from the recent installation of six deep monitoring wells 
(MWdD, CECW-2D, CECW3D, CECWdD, PO-8D, PO-IOD) provided an increased 
understanding of the geochemical conditions of the lower portion of the aquifer. 

MW-5 and MW-5D function as background wells. Compliance wells are located around the dry 
ash landfill, as well as south of the sedimentation basin, and include all wells in the recent 
sampling regimen. They are intended to sewe as regulatory points of compliance with regard to 
the uppermost aquifer underlying the facility. Based on accepted arsenic transportation theory, 
the existing well network will be able to measure the performance of the natural attenuation 
remedy both directly and indirectly. They will directly measure water quality to ensure that 
geochemical conditions remain conducive to natural attenuation. 
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4.0 SITE REMEDY 

The following section summarizes the geochemical conditions observed at the CEC Ash Landfill and 
presents factors which support the proposed remedy. 

4.1 Overview of Process 

In groundwater environments, the presence of dissolved arsenic is controlled by interaction with 
the aquifer solids (geomedia). The interactions are physical and chemical in nature. Arsenic 
species move slower than the groundwater flows. Dilution is observed because,of physical 
mixing along the flow path, a process not unique to arsenic. Additionally, arsenic concentration 
and mobility are strongly affected by specific chemical reactions with other dissolved species and 
geomedia. These chemical reactions can slow down and stop, or accelerate, arsenic migration 
and concentration. Unlike organic compounds that can be mineralized (turned to C02 and H20) 
by reactions, arsenic cannot be destroyed by chemical processes, chemical processes cause 
arsenic to have a lesser or greater affinity for immobilization on geomedia. The degree and 
direction of arsenic attenuation depends on the geochemical environment(?.) along the flow path. 
The balance and interaction between dissolved arsenic, the geomedia, and the other chemical 
constituents present in the groundwater at CEC will control the on-site and off-site groundwater 
arsenic concentrations. 

Arsenic contaminated groundwater has been monitored at the CEC landfill for several years. In 
support of the geochemical evaluationlmodeling, the arsenic in five groundwater samples (CECW- 
11/1D, MW-5, PO-10 and CECW-61) was speciated by two separate laboratories (Applied 
Speciation and New Mexico Tech). The majority of the dissolved arsenic found in the groundwater 
is in the As(lll) state (See Attachment G). Others (Gibbons, 2001) have reported analysis of 
trends in arsenic concentration that indicate that some attenuation is taking place at the landfill 
(i.e., arsenic concentrations appear to be decreasing with time). This suggests that it would be 
useful to examine the CEC landfill hydrogeologic and geochemical setting for probable arsenic 
attenuation processes and pathways. 

4.2 Aqueous Geochemistry of Arsenic 

Arsenic has a rich geochemistry. It is generally found in groundwater in two oxidation states, 
As(lll) and Asp/). Asp/) [also known as AS" or arsenate] is the more oxidized of the two species; 
it has lost more electrons to chemical reactions than As(lll) [also known as  AS'^ or arsenite]. 
Many elements have more than one oxidation state, forming one or more redox pairs, the 
As(lll)lAs(V) redox couple being an example. Redox reactions involve the transfer of electrons, 
changing the oxidation states of the participating elements. 

The two redox states of dissolved arsenic each form several ionic species in groundwater, the 
most common are, H3As04 for Asp/), and Has03 forAs(lll). The compounds Has04 and 
H&03 will lose Ht to become negatively charged as pH increases. H&03 remains uncharged 
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until about pH 9 where one Hi disassociates to form the charged oxyanion H&OQt-. At most 
groundwater pH ranges As(lll) species will be uncharged. In comparison, H3As04 will begin 
losing H' at about pH 2. In most groundwater, As(V) species will be negatively charged, present 
again as an oxyanion. The pH controlled loss and gain of H' ions does not affect the oxidation 
state of the arsenic, only the electrostatic charge on the ion. 

The charge characteristics of arsenic species are very important with respect to transport rates 
The electrostatic charges on the dissolved species interact with the charged surfaces of the 
geomedia, capturing and concentrating the dissolved species in a thin film on the surface. At this 
point, captured arsenic oxyanions can covalently bond to oxide mineral surfaces, removing them 
from solution. The amount of arsenic that will stick to the surface is controlled by: 

The amount and type of mineral oxide forming the surface; 

The oxide surface's pH-dependent charge behavior; . The pH of the solution as it controls arsenic speciation; 

The affinity of an arsenic species for the specific surface; 

The concentration and redox state of the arsenic species ('3 or '5); and, 

The presence and concentration of other dissolved ions that compete with arsenic 
oxyanions for a finite number of bonding sites. 

These relationships have been measured for numerous individual minerals, and arsenic oxidation 
states, over a range of pH values with varying concentrations of competing ions. 

There is complex interplay and feedback between the factors listed above that suggests that they 
be evaluated simultaneously in order to make predictions. As an example, from pH alone we 
might assume that because the As(lll) compound H&03 is an uncharged oxyanion below pH 9, it 
has no affinity for mineral oxides at a lower pH. However, in natural systems and laboratory 
studies we find that As(lll) oxyanions can have an affinity for mineral oxides near equal to that 
observed for As(V) oxyanions (Dixit and Hering, 2003) at pH 7-8. Using this measured pH 
dependent As(lll) affinity for iron oxides, and the average pH at the CEC Landfill of -6.4 from the 
December 2005 sampling results (when outliers are removed), we expect to see sorption of As(V) 
over As(lll), but not an absence of As(lll) sorption. In bulk, the As(lll) transport is faster at the 
CEC Landfill than the Asp/) transport. 

In groundwater systems where As(V) is bonded to oxides at a greater proportion than As(lll), 
As(lll) may constitute the majority arsenic species in the leading edge of the plume. This is one 
factor that contributes to the apparent redox disequilibrium between As(lll) and As(V). The 
As(lll)/As(V) redox couple can transform slowly (Wilkie and Hering, 1998; Miller, 2000), allowing 
As(lll) to be transported preferentially. Once relative transport rates are considered, the 
disequilibrium is predictable. Finally, consideration should be given to the problems associated 
with accurate measurement of redox potential in general, and the particular bias towards higher 
measured potentials in iron rich waters (Appelo and Postma, 1996). The preferred transport of 
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As(lll) is caused by the factors listed here. 

lron and manganese oxides in soils and aquifers have been studied for over 100 years because of 
their ability to control the movement of nutrients. It is generally agreed that iron andlor 
manganese oxides in aquifers are the dominant solid phases interacting with arsenic oxyanions. 
It has been observed and demonstrated by several research groups, at many scales, using state 
of the art techniques, that: 

lron oxides, hydroxides, and oxyhydroxides in aquifers are efficient at adsorbing arsenic, if 
present in sufficient quantities; 

Reductive dissolution of iron oxides, hydroxides, and oxyhydroxides releases bound 
arsenic and creates dissolved iron and arsenic plumes in groundwater; . Manganese oxides are efficient at oxidizing As(lll) to As(V), even in the absence of 
dissolved oxygen; . As(lll) cannot be oxidized efficiently by only increasing dissolved oxygen concentration, 
however, there is some evidence for co-oxidation of As(lll) and Fe(ll) by dissolved 

oxygen; 

When commingled dissolved arsenic and iron plumes encounter increasing dissolved 
oxygen levels, iron precipitates as a metal oxide and produces continuous arsenic 
removal at the interface; and, . The effect of species that compete with arsenic for bondingladsorption to ironlmanganese 
oxides cannot be neglected if accurate predictions are needed. 

The development and use of computerized methods has been essential to developing quantitative 
predictive models for arsenic transport. Recently, it has been demonstrated that manganese 
oxides can bring about oxidation, and natural attenuation of As(lll) plumes, allowing their efficient 
sorption to iron oxides (Amirbahman et al., 2006). The levels of manganese oxides are higher in 
the CEC sediments than in the geomedia used for the experiments of Amirbahman et al. This 
group showed that the natural attenuation of As(lll) and Asp/) can be modeled in a predictive 
fashion, in a setting not unlike CEC. These models are being successfully applied when all major 
processes are accounted for in the calculations, and are being used with increasing frequency at 
the field-site scale. 

4.3 CEC Landfill Conditions 

The groundwater monitoring network is physically constrained by the landfill boundary; a 
peninsula in a tidally influenced estuary. Currently, the monitoring network has not been extended 
to define the limits of contaminated groundwater. Similarly, monitoring wells have not been 
const~cted in the dry ash landfill, or through the landfill liner. However, a reasonable conceptual 
moael for groundwater flow has been developed from the available data. 

Wells proximal to the landfill-estuary boundary exceed the GPS for arsenic. Groundwater flow in 
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the northern and extreme southern ends of the peninsula generally flows outward from the center 
towards the surface water bodies to the east, west and south. However, at the southern end of 
the dry ash landfill, an artificial groundwater mound has been created because of recharge from 
the unlined ponds situated in this area of the site (see Figures 3 and 4). Based on the site- 
specific and local hydrogeologic setting it is a reasonable expectation that precipitation and 
capillarity-induced mounding in the landfill cause semi-vertical groundwater flow, downward 
through the landfill contents into the underlying Norfolk Formation. The Norfolk Formation is 
underlain by the Yorktown confining unit. The combination of the lower Yorktown confining 
barrier, and the upper lower hydraulic conductivity alluvium, berms, and ash overlying the Norfolk 
sand, forces the groundwater to flow horizontally from the landfill area. Outside the confining 
influence of the landfill and berms, groundwater in the Norfolk Formation probably responds to 
semi-vertical upward gradients and discharges to the cooling water channel and the SBER. The 
quantity and timing of the expected discharge to the surface water system will be influenced by 
the tidal, flow reversal, and salt wedge effects common to estuaries and may be complex. In 
general, groundwater flow is down through the landfill, out under the berms, and,up into the 
surface water system. 

The sampling of groundwater at the landfill has demonstrated significant and measurable 
geochemical changes in groundwater quality along known flow paths. In the well clusters MW-5 
and -5D; and CECW- 1, -I I, and ID, similarities in the major iron chemistry are noted with depth in 
contaminated and uncontaminated areas. Analysis of a few aquifer sediment samples suggests 
that the  orf folk Formation has chemically participated in water quality changes along some of 
these same paths. For example, the soil sampling and analysis of MW-5D, CECW-8D, and PO- 
10D show a zone of mid-depth iron depletion as compared to shallower and deeper sediments 
(see Table 2). Patterns in the chemical concentrations of redox sensitive species suggest that 
there are dynamic changes in groundwater geochemistry between the well cluster closest to the 
landfill (CECE-3 and 3D) and edge of the landfill; comparison of Eh, sulfate, and dissolved oxygen 
points to active redox processes. 

Surface water sampling conducted as part of a risk assessment, did not detect the increase in 
arsenic concentration expected from a groundwater contribution. The conceptual flow model will 
explain much of the observed groundwater chemical variation, but not if we consider the flow 
paths to be non-reactive. Groundwater at the CEC landfill falls on the redox and pH controlled 
phase boundary between dissolved Fe(ll) and Fe(OH)3. Only a very small change in pH or 
dissolved oxygen is needed to shift the boundary towards iron precipitation, and associated 
arsenic removal. 

The concentrations of iron and manganese in both sediments and groundwater are very high, too 
high to expect no natural chemical evolution of arsenic concentrations along flow paths. 
Additionally, sediment-bound manganese concentrations are similar to a site where As(lll) 
oxidation has been observed (Amirbahman et al., 2005). Iron seeps are not noted locally, 
suggesting that iron is removed from groundwater before discharge and mixing with surface water. 
Conditions are suitable for oxidation of As(lll) to As(V) on manganese oxides along flow paths. 
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enhancing arsenic removal at pH c 7. As(V) is generally less mobile than As(lll); oxidation of 
arsenic enhances the efficiency of arsenic attenuation. On discharge through the estuary 
sediments, the groundwater will be subjected to increasingly oxidizing conditions and a rich 
biogeochemical environment that enhances iron and manganese precipitation. It is a reasonable 
expectation that the arsenic contaminated groundwater undergoes attenuation before discharge to 
the estuary. 

Based on available data and the current understanding of arsenic species transport, it is 
reasonable to assume that iron oxidation and precipitation is taking place before CEC 
groundwater discharges to the estuary and the arsenic is attenuated by sorption on the iron 
oxides. A supplemental geochemical study of site conditions from the standpoint of arsenic 
occurrence and mobility was conducted to evaluate natural attenuation of arsenic at CEC. The 
results of that study support these conclusions on natural attenuation of arsenic at the CEC 
landfill. The Battelle report is included as Attachment B. This adsorption process has been 
modeled and will reduce the arsenic concentrations prior to discharge to the adjacent surface 
water bodies. 

Under this conceptual model, as the reduced ground water passes across the redox boundary 
(see Figure 5 )  below the adjacent estuary, the arsenic is (currently) being adsorbed onto iron 
oxides and removed from the groundwater to levels below the GPS (MACTEC, 2003). While the 
redox process is well documented in the scientific literature, the exact location (vertically and 
horizontally) of the redox boundary is unknown and maybe mobile, depending on actual 
groundwater discharge and tidal conditions. The supplemental assessment is designed to sample 
locations off the peninsula, validating the adsorption process. 

Given the mass of iron minerals in the Norfolk Formation, coupled with the significant volume of 
oxygenated water in the SBER compared to the volume of impacted (reduced) water discharging 
from below the CEC landfill, this adsorption process will continue for the foreseeable future. In 
practical terms, the site data and current geochemical processes in the vicinity of the CEC landfill 
are actively reducing the arsenic concentrations to below the GPS. In absence of major changes 
to site hydrology, or geochemistry, the processes currently attenuating arsenic and iron are 
continuous. To document the effectiveness of the MNA remedy, Dominion will monitor the site 
conditions periodically as described in the CAMP until the source of the groundwater impacts has 
been reduced to the point where the monitoring wells around the landfill do not exceed the GPS. 

Given that the proposed remedy does not require the installation of any water or vapor processing 
andlortreatment equipment, pumping wells, pumps, piping, tanks and associated infrastructure 
typically associated with more traditional corrective measures, no other permitting requirements 
exist for the proposed MNA remedy. 

The dissolved arsenic data set for the CEC Landfill compliance wells was evaluated to calculate a 
time range for GPS achievement. The data were checked for distributional normality and the 
Mann-Kendall non-seasonal, non-parametric, method was selected for trend evaluation. Each 
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well's period of record (1999 -2006) was evaluated in its entirety; no adjustments were made for 
seasonality or yearly averages taken. The trend analysis (Tables and figures in Attachment H) 
reveals that the majority of compliance wells have negative slope regressions (arsenic 
concentrations trend downward) and negative Mann-Kendall S statistics (the trend is constant 
over time). 

CECW 2 does not follow the trend. The general trend at the landfill is for lower concentrations. 
The minimum period to achieve the GPS calculated to be 4.1 years (PO 9), the maximum 17.4 
years (PO lo), and a median value of 6.3 years to achieve the GPS, with no action, was 
determined. 

4.4 Remedy Design & Specifications 

The proposed remedy for the CEC Ash Landfill is monitored natural attenuation. To measure the 
effectiveness of monitored natural attenuation, the following well network will be monitored on a semi- 
annual basis: . MW-5, MW-5D, PO-8, PO-8D, CECW-61, CECW-6D, CECW-10, CECW-15, CECW-8. 

CECW-8D, PO-10, PO-IOD, CECW-3, CECW-3D, CECW-2. CECW-2D, CECW-1, and 
CECW-ID 

All wells will be sampled for filtered and unfiltered iron and arsenic. Water quality parameters 
(dissolved oxygen, oxidation-reduction potential, pH, turbidity, specific conductance and 
temperature) will be measured during purging. Using the sampling data described above, the 
geochemical groundwater model will be updated periodically to ensure that conditions are 
appropriate for continued monitored natural attenuation. 

As discussed above, the fate and transport of arsenic in groundwater is controlled by adsorption 
processes at the site. Quantifying this geochemical process is important in evaluating the viability 
of natural attenuation. To document that this geochemical process decreases arsenic 
concentrations along the groundwater flow path Dominion intends to collect groundwater samples 
along the flow path of several existing monitoring wells. These sampling points will be used to test 
the practicality and possible locations for performance and sentinel monitoring wells. This data will 
augment the Corrective Action Monitoring Plan. 

4.5 Project Schedule 

Based on the groundwater data collected as part of the facility's compliance monitoring program, 
coupled with the most recent data presented, the only constituent of concern for the CEC landfill is 
arsenic. Pursuant to the solid waste regulations, the proposed remedy will begin after approval of 
the CAP by the DEQ and the amendment of the facility's Permit. However, as described in Section 
4.3 above, the hydrologic setting, sedimenffwater quality data and geochemical modeling suggest 
that the oxidation/adsorption process is currently reducing the arsenic concentrations to below the 
GPS. The supplemental investigation (see Section 6.0) will validate the MNA concept. 
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Within six months of approval, the monitoring proposed in the CAMP will be implemented to 
document the long-term efficacy of the monitored natural attenuation remedy. As noted in Section 
4.7.1 (page 16) and the risk assessment included (Attachment F), the risks to community, 
workers or receptors are currently minimal. The site is an active power generation facility and 
access to the site and landfill area is controlled by Dominion. 

The only risk pathway identified in the risk assessment was to aquatic life from groundwater 
discharge of arsenic to surface water. The groundwater arsenic concentrations, at the point of 
discharge to surface water, would have to exceed 1,780 mglL before sensitive aquatic receptors 
would be impacted. The highest observed groundwater arsenic concentration is an order of 
magnitude below the surface water risk-based screening level. 

The Norfolk formation aquifer in the vicinity of the site is unsuitable for potable use due to salinity, 
has not been used for potable use in the recent past, and has a very low probability of being used 
for potable use in the reasonable future (MACTEC, 2003). 

Attachment I includes a 24 March 2006 letter from Dominion demonstrating financial assurance 
for their various solid waste facilities in Virginia. The CEC landfill is listed under permit No. 440. 

4.5.1 Long-Term Reliability of Remedy 

The conceptual site model and site geochemical conditions suggest that the long-term reliability of 
the proposed MNA remedy is high. Data to be collected as part of the supplemental assessment 
activities proposed herein will confirm the effectiveness of the adsorption process. Given the lack 
of environmental risk to potential receptors, the fact that groundwater is not used (and has a very 
low probability of being used for potable use in the reasonable future) as a potable resource in the 
area and because access to the landfill area is restricted by Dominion, the proposed MNA remedy 
is considered to be protective of both human health and ecological receptors. Future use of the 
site and adjacent landfill area will remain heavy industrial, which is consistent with the surrounding 
land use. 

A general description of the landfill construction and containment was provided in Section 3.2 
(pages 6 and 7) and depicted on Figure 5. A more detailed description of the historical and 
current landfill construction and containment was provided in the Nature and ExtenVAssessment 
of Corrective Measures report prepared by URS in 2003. Given the fact that the dry ash fill is 
underlain by a synthetic liner, the bottom and fly ash material below the current dry ash fill liner 
(see Figure 5) is likely the source of the groundwater impacts measured in the facility's well 
network. This material is essentially 'capped" by the overlying liner for the dry ash fill, which will 
eliminate the possibility of infiltration from rainfall into the underlying bottom and fly ash fill. The 
proposed monitored natural attenuation remedy does not involve disturbing the liner or adjusting 
chemical or physical conditions of soil or groundwater at or near the liner. Therefore, the remedy 
will not interfere with the ability of the synthetic liner to prevent future releases from the dry ash 
mass. 
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As noted in Section 4.1 (page 8), a statistical evaluation of the historical groundwater data 
(Gibbons, 2001) reported that trends in arsenic concentrations appear to be decreasing with time. 
This trend would seem to suggest that the "source" strength or mass in the bottom and fly ash is 
starting to diminish and, given that no new source material is being added below the dry ash liner, 
the dissolved arsenic concentrations emanating from the fill should continue to drop over time. 

In accordance with 9 VAC 20-80-310.C.6, upon completion of the remedy (i.e., groundwater 
concentrations are below the GPS), Dominion will notify the Director within 14 days via the 
submission of a certification of completion. The certification will document that the remedy was 
completed in compliance with the requirements of 9 VAC 20-80-310.C.5. The certification will be 
signed by Dominion and a qualified groundwater scientist. 

The current risk to potential receptors is acceptable (MACTEC, 2003). Residual risks associated 
with the landfill are not expected to change as a result of the proposed remedy. Land use 
restrictions and engineering controls (guards and fencing) associated with the operation of the 
power generation facility will limit access to the landfill area, controlling potential exposures. 

Arsenic attenuation is caused by the formation of relatively insoluble iron oxides that adsorb the 
arsenic. Because the arsenic is immobilized, rather than destroyed, the reliability of the 
adsorption process and the stability of the resultant solids are important to the ultimate success of 
the MNA. We believe that under foreseeable conditions that the iron precipitation portion of the 
attenuation mechanism will continue to operate long after the arsenic source is depleted. Our 
confidence is derived from the ubiquitous nature of these redox boundaries in sub-aqueous 
sediments, the relatively high iron concentrations being transported to the redox boundary, and 
the stability of iron oxides in oxidizing conditions. 

The principles of biologically mediated iron cycling in sediments are well described in the literature 
(Stumm and Morgan, 1996; Charette et al., 2005, Charette and Shoikovitz, 2006). With respect to 
the longevity of the MNA, the critical observation is that there will always be an oxidizing boundary 
to upward flow somewhere below the sediment water interface. It is expected that the shallow 
tidal reaches of SBER will always be well aerated, and will always supply sufficient oxygen to the 
sediments to oxidize the abundantly available dissolved iron; maintaining the barrier to arsenic. 
While the redox boundary may move, it will always have an oxidized side, where any redissolved 
lresolubilized ironlarsenic will be reprecipitatedlresorbed during upward flow. Iron oxides and 
resistant to dissolution over a wide Eh and pH range (Garrels and Christ, 1965). The arsenic 
attenuation process is expected to be continuous with the resultant solids remaining stable in the 
sediments. 

4.6 Operations & Maintenance Plan 

Due to the passive nature of the remedy, operations and maintenance will consist solely of 
maintaining the integrity of the monitoring network. 
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4.7 Replacement Remedy  

4.7.1 Risk Potential 

The risk assessment (MACTEC, 20031, which is included in Attachment F, concluded that the 
risks to community, workers or receptors were currently minimal. The single significant closed risk 
pathway was to aquatic life from groundwater discharge of arsenic to surface water. Modeling 
results indicate that arsenic concentrations would have to exceed 1,780 mg/L in groundwater 
underlying the landfill before arsenic concentrations would increase in the surrounding surface 
water bodies to a point that sensitive aquatic receptors would be at risk. 

The Norfolk formation aquifer in the vicinity of the site is unsuitable for potable use due to salinity, 
has not been used for potable use in the recent past, and has a very low probability of being used 
for potable use in the reasonable future (MACTEC, 2003). 

Given the very limited risk potential and open pathways for workers and the community, the 
highest observed groundwater arsenic concentration on the closed pathway an order of 
magnitude below the risk-significant level, and the probability of long-lived institutional controls at 
the site the CEC Landfill poses only de minimus risk to stakeholders. 

4.7.2 Replacement Remedy 

We do not believe that it is likely that a replacement remedy will be needed. Our confidence is 
generally supported by the principles of iron redox cycling in sediments (Corneil and 
Schwertmann, 2003; Appelo and Postma, 1996; Stumm and Morgan, 1996). One common 
observation is that as oxygenated water passes downward into sediments, oxygen is lost and iron 
oxides are dissolved (VanCappellen and Wang, 1996). Alternately, when anoxic iron groundwater 
passes upward through sediments towards oxygenated surface water, redox reversal is rapid, 
causing precipitation of iron oxides and associated resorption of dissolved metals on the iron 
oxides (Moore, 1999; Nicolas et al., 2003; Langmuir, 1997). Additionally, the site-specific 
investigations conducted to date (URS, 2003, MACTEC, 2003) and the similarity of the 
hydrogeologic setting to other sites where metal attenuation by dissolved iron precipitation occurs 
(Caetano and Vale, 2002; Kostka et al., 2002; Liang, 1993), bolsters the probability that the 
general iron-cycle observations are indeed applicable to the CEC Landfill-SBER groundwater- 
sediment system. 

In the event that MNA performance in mitigating the dissolved arsenic plume is limited in 
effectiveness, a replacement remedy will be required. As previously discussed, the remedy will be 
required if surface water monitoring indicates that groundwater arsenic is not being attenuated 
below the sediment-water interface. 

The replacement remedy is designed to enhance, supplement, or replace the natural oxidation of 
dissolved iron (with associated arsenic attenuation) with induced oxidation. The planned 
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supplemental investigation (see Section 6.0) will validate the MNA concept. During the course of 
the MNA the groundwater and surface water sampling programs may indicate the need for 
enhanced oxidation of the groundwater in the Norfolk Formation to bring about the desired result. 
Conceptually, theireplacement remedy augments the iron oxidation and sorption on the down 
gradient side (sediment-water interface) by adding oxygen !o the formation on the up gradient side 
(proximal to the landfill berm). 

In situ oxidation of aquifers has been proven successful in similar geochemical systems (Appelo et 
at. 1999; Rott and Freidle, 2000). Aquifer oxidation has been used in European countries for over 
50 years to remove iron and manganese. Opportunistic observation of water quality for process 
control revealed that these systems also treat arsenic to below European drinking water standards 
as they remove iron. Air sparging and other oxidation techniques, of organic chemical plumes has 
been observed to attenuate iron and arsenic migration at numerous sites (ITRC, 2005, and 
references therein). Air, pure oxygen, proprietary oxygen release compounds, and chemical 
oxidants of various formulations have a broad history of introduction to aquifers with successful 
oxidation of the inorganic, and organic, contaminants of concern. The technical feasibility of the 
approach is well established. 

High performance injection wells would be used to introduce oxidants into the aquifer. Injection 
permits and Department approval of the injection strategy will be obtained prior to construction 
implementation. The wells would be located at the points and frequency necessaly to bring about 
oxidation. The locations and frequency will be variable dependant on: the level of oxidation 
required, the groundwater flow rates and directions proximal to the well, the type and quantity of 
oxidant to be introduced. Tidal influences and timing will have to be considered. It is probable 
that the wells would be located on, or outside of the berms. Depending on the scope of the 
required remedy it may be necessary to conduct supplementary investigations to narrow the 
source areas of arsenic seepage to maximize efficiency and reduce costs of implementation. 
Satisfactory performance of the Replacement Remedy will be verified through the surface water 
sampling program. 

4.7.3 Notification of Additional Corrective Measures 

Should the need arise for implementation of the Replacement Remedy. Dominion will submit a 
report to the Director justifying the plan at least 14 days prior to implementation. At this time, 
Dominion elects not to include any additional remedies as part of the CAP. If natural or induced 
oxidation is determined to be an ineffective remedy for arsenic attenuation, we will conduct 
additional assessment and submit an alternative strategy, expecting to undergo full permit 
amendment and public notice requirements. 
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5.0 REMEDY SURFACE WATER ISSUES 

5.1 Introduction 

The CEC is located within the heavily urbanized Elizabeth River watershed. The landfill site itself 
is bordered by surface water on the east, west, and south. Dissolved arsenic concentrations in 
the surface water taken upstream, landfill-side, and downstream do not exceed established water 
quality criteria. Using conservative exposure assumptions, the estimated risk for the maxiumum 
total arsenic concentration in surface water is minimal. 

Risk assessment modeling indicated that arsenic concentrations in groundwater were being 
attenuated along the flow path to surface water and that surface water impact could be expected if 
the arsenic in groundwater were not reduced prior to seepage to the estuary. To demonstrate the 
attenuation of arsenic a surface water sampling program has been proposed. 

Under slack tide conditions flow-related disturbance of sediments and aqueous chemistry is 
minimized. Low tide conditions provide for the highest up flow gradient between the Norfolk 
Formation and the estuary sediment. Mixing of groundwater with surface water should be 
minimal during low slack tide. Sampling of near bottom surface water under these conditions 
should provide a direct measure of arsenic flux from the landfill, thus a direct measurement of the 
MNA processes taking place. Using this conceptual model, samples of surface water are suited to 
monitor the natural attenuation of arsenic at the CEC Landfill. 

5.2 Sampling Locations 

As described in Section 6.0, sediment coring and analysis has been proposed to identify natural 
attenuation zones in the estuary sediments. A bathymetric survey will be used to guide the coring 
investigation. Areas of lesser and greater arsenic attenuation will be identified and observations 
of the condition of the sediment-water interface proximal to the landfill will be made. Sediment 
suspension and dispersion during tidal flows will be evaluated as necessary to select a sampling 
elevation in the water column that will minimize the influence of sediment remobilization. These 
observations will be used to guide location of surface water monitoring stations. A total of four (4) 
surface water sample stations are proposed (SW-1, SW-2, SW-3 and SW-4). The concept is 
detailed in Section 6.0 and depicted schematically on Figure 6. 

5.3 Sampling Technique 

Aqueous sampling will be accomplished using weighted tubing and a peristaltic pump. Tubing will 
be of a type approved for the analytical parameter list. New tubing will be used for each sampling 
event at each sampling site. Tubing weights will be non-reactive and decontaminated between 
uses. At each sampling site a sampling elevation in the water column (measured from the 
sediment-water interface) will have been predetermined using the rational previously described. 
The sample will be representativeof a larger area of groundwater oufflow if a relatively large 
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sample aliquot (4 L) is collected. This large sample is then agitated and subsampled for unfiltered 
water quality, followed by subsampling and filtering (0.45 micron) for dissolved water quality 
parameters. 

5.4 Analytical Parameters 

The four (4) surface water samples will be analyzed for following constituents: 

Total and dissolved arsenic; 

Arsenic speciation (As(lll) and As(V); 

Total and dissolved iron; 

Total suspended solids; and 

General water quality parameters (dissolved oxygen, oxidation-reduction potential, pH, 
temperature, turbidity and specific conductance) 

5.5 Sampling Interval 

Samples will be collected quarterly during the first year, then semiannually thereafter. 

"An Equal Opportunity Employer" 
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6.0 SUPPLEMENTAL ASSESSMENT WORK PLAN 

6.1 Introduction 

Site-specific data and modeling provides strong indications'that natural attenuation is reducing 
groundwater arsenic concentrations in the Norfolk Formation. The proposed long term MNA 
monitoring described in the CAMP is designed to document the reliability of the remedy and to 
determine when the remedy is complete. However, direct evidence is needed to document that 
natural attenuation of arsenic bv oxidation of ferrous iron and concurrent adsor~tion of arsenic 
onto the produced iron oxides, hydroxides, and oxyhydroxides. This plan presents a sampling 
approach to identify natural attenuation zones in support of the MNA alternative. Certain elements 
of this plan may be modifiedbased upon preliminary field results, unanticipated field conditions, 
andlor developments of the conceptual model. 

6.2 Site Specific Conditions 

The natural attenuation verification sampling proposed herein builds on the conceptual model 
presented herein. In a groundwater focus, the MNA demonstration would be based on the spatial 
relationships of arsenic and iron concentrations in the Norfolk Formation (e.g. at equal 
hydrostratigraphic elevations at ever increasing distances from the site). Because of the unstated 
difficulty collecting groundwater samples in a submerged, shipping channel, environment, andlor 
limited understanding of flow and transport past the banks of the river, we need to consider 
methods other than sampling the groundwaterin the Norfolk Formation away from the banks of 
the peninsula. 

Under our current understanding and conceptual model, groundwater in the Norfolk Formation is 
reducing and contains high dissolved iron (and arsenic in specific locations) once it leaves the 
peninsula. What wiil change that condition is terminal electron acceptor processes (TEAPs). 
TEAPs are both abiotic and biologically mediated, the dominant TEAP in this case being reaction 
with oxygen. Flow in the Norfolk Formation is dominantly horizontal, with some component 
discharging vertically upward to SBER. We assume that all Norfolk Formation groundwater 
eventually discharges to surface water. To evaluate natural attenuation, we need to determine the 
distribution of the TEAPs that are going to remove the arsenic and iron. This wiil be accomplished 
by sampling and testing to determine the following: 

The location of the redox boundary between reducing (Norfolk) and oxidizing (estuary) 
condition in the sediment; 

The concentrations of iron and arsenic in the pore water above and below the redox 
boundary; and, 

The concentrations of iron and arsenic in the solid phase above, within, and below the 
redox boundary. 
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We believe that redox boundary will be located where the discharging groundwater interfaces with 
oxygen (prior to discharging into the adjacent surface water), in the bottom sediments of SBER 
and the cooling water channel. A transient interface is also created if oxygen is tidally pumped 
into the Norfolk; the prevalence and affect of this latter condition is unknown at this time. 

6.3 Proposed Approach 

Attenuation (via adsorption) in vertically upward flowing Norfolk groundwater is required for the 
MNA demonstration. While the mass and concentration of arsenic and iron in the Norfolk is 
expected to decrease if we simply sample at increasing distance from the landfill, the decrease 
will be due primarily to dispersion. MNA demonstrations generally require separation of 
attenuation from dispersion. Ideally, we would demonstrate a sub-benthic interface in the 
sediments with high arsenic and iron below, and low arsenic and iron above. Sampling in the 
Norfolk Formation moving upward from the shallow sediment and into the benthic surface water 
should show decreases in arsenic and iron, and an increase in Eh. A sediment core should show 
a deposition zone of iron 'oxides' and associated arsenic. Pore waters should show the same 
trend. The collection and analysis of sediment cores and groundwater samples taken at selected 
transects and point locations near the landfill boundary is expected to provide the basis of our 
demonstration. 

The vertical location of the postulated interface is currently unknown. It is known that tidal 
conditions cause groundwater pumping, but we do not know tidal influence with respect to the 
location of transitions from reducing to oxidizing in the SBER bottom sediments. In addition, these 
redox interfaces are not uniformly distributed and are known to move, so we may select points 
rather than transects. Success from a groundwater perspective will be to focus on the vertical 
rather than the horizontal. 

Given the lack of understanding of actual groundwater flow characteristics below the landfill and 
the associated attenuation distances away from the peninsula, we recommend that a phased, line- 
of-evidence approach be undertaken as described below: 

6.3.1 Phase I 

A bathymetric survey of the shoreline extending 0-100' normal to the shoreline will be conducted 
using a boat, recording depth finder (sonar) and GPS location determination. The purpose of the 
survey is to identify the general bottom contours to place the location of the sediment cores in a 3 
dimensional context with respect to bottom conditions. The survey will identify bottom conditions 
deleterious to sampling, such as submerged objectslutilities, and conditions that may require more 
critical evaluation, such as scarps or slumps that may indicate groundwater discharge points. 
During this observational activity we will also identify bottom parameters that will guide location of 
surfacewater sampling activities. A Secci disk will be used to evaluate sediment remobilization 
during tidal flows. 
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General coring activities will proceed in the following manner: 

Collect shallow (0-1.5 feet below the bottom of the SBER) sediment cores using a box- 
corer or large-bore sediment sampler (or similar sampling device) along transects 
perpendicular to the berm; 

Visually observelphotograph the sediment core for'a deposition zone (redox boundary) of 
iron 'oxides' or rusty surfaces where discharge may be occurring. Then; 

Sub-sample the sediment core at closely spaced intervals (below, within and above 
oxidized zone if observed or every 10-20 cm if not observed), mix with deioninzed water 
to form a slurry and measure the pH, Eh (ORP) and conductivity. Care will be taken to 
maintain sediments in an anoxic condition during sub-sampling. Review data, then; . Sub-sample the core and submit to off-site laboratory for total iron and arsenic in solids 
and pore-water. 

We currently conceptualize three areas for transects (Figure 6) that are roughly equidistant from 
each other. Additional spot cores will be taken in the cooling water channel, making a transect of 
the channel length. Core and transect locations will be guided by the bathymetry and recorded 
using GPS. 

6.3.2 Phase 11 

Determine what specific intervals to submit to off-site laboratory once field screening data have 
been critically reviewed. Submit the selected samples and use the resultant data to document 
adsorption process is capable of reducing the arsenic concentration to below the GPS priorto 
discharging to the adjacent surface water bodies. 

"An Equal Oppaiiunity Employer" 
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7.0 PUBLIC PARTICIPATION PLAN 

7.1 Reports Available for Public Review 

The following reports arelwill be included in the local repository and available for review by the 
general public: % .  

Solid Waste Permit No. 440; 

NESIACM Report; 

Risk Assessment; 

0 The approved CAP; 

Copies of each CASE report; . Copies of any public notices; and 

Transcripts of any public meetings 

7.2 Location of Public Repository 

Major Hillard Public Library 

824 Old George Washington Hwy. N. 

Chesapeake. Virginia 

7.3 Site Contact Information 

For information regarding the site, or if the general public has any questions, the following person 
should be contacted: 

Donald Hintz, P.G. 

Dominion Resource Services, Inc. 

lnnsbrook Technical Center 

500 Dominion Boulevard 

Glen Allen VA 23060 

(804) 273-3552 

'An Equal Opportunity Employer" 

42045



Corrective Action Plan Page 24 
Dominion Generation, Chesapeake Energy Center, Vepco Street. ChesapeakeVA February 2008 

8.0 COMPLETION OF CORRECTIVE ACTION 

In accordance with 9 VAC 20-80-310.C6, should the corrective action monitoring program indicate 
that the groundwater protection standards have not been exceeded for a period of three 
consecutive years, Dominion will notify the Director within 14 days by submitting a certification that 
the remedy has been completed in compliance with the requirements of the 9 VAC 20-80-310.C5. 
The certification will be signed by the ownerloperator and by a qualified groundwater scientist. 
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1.0 INTRODUCTION 

This Corrective Action Monitoring Plan (CAMP) has been prepared in general accordance with and 
designed to meet the requirements of 9 VAC 20-80-300.A.2 and 310.C.l.a. This MNA-based 
Groundwater Monitoring Plan (GMP) is being submitted f& inclusion with the facility's Permit as a 
CAMP. The CAMP was developed based on the guidance provided in the Virginia Department of 
Environmental Quality's (VDEQ) Submission Instructions No. 21 (v.04/14/04). Where appropriate. 
this CAMP report format follows the outlined provided in Table C of the Submission Instructions. 
Sampling of the compliance wells shall continue under the respective monitoring program during the 
Corrective Action process. 

2.0 MONITORING PLAN 

2,l Site Location Description 

CEC occupies approximately 145 acres of property, approximately 8 miles west of Virginia Beach and 
7 miles south of the city of Norfolk. A site location map is included as Figure 1. The existing coal ash 
landfill is located on a peninsula in the southern portion of the CEC property (Figure 2). The landfill is 
bordered by the Southern Branch of the Elizabeth River (SBER) to the East, Deep Creek to the South, 
and a non-contact cooling water channel to the West. 

2.2 Description of Aquifer 

The hydrologic framework of the shallow aquifer system is composed of the Colombia Aquifer which 
resided mostly in the Norfolk Formation and is semi-contained from below by the Yorktown Confining 
Unit. The Norfolk Formation is composed of sands and silts with an average hydrologic conductivity of 
287 to 323 feet1 year with velocities decreasing with depth (MACTEC, 2003). 

Above the Norfolk Formation resides various fill materials, which may contain ash from the ash 
sluicing activities that predate the current landfill. Average hydraulic conductivity in the fill material 
is 1.5 to 5 feetlyear (URS, 2003). Due to the mounding in this area, it is believed that there is an 
Anthropogenic Water Bearing Unit (AWBU) within this fill material (URS, 2003). The mounding in 
the area may also be responsible for the downward gradient observed between the shallow and 
deep wells across the site. Impacted groundwater is thought to flow radially outward and 
downward from the landfill area into the AWBU, then locally to the shallow Colombia Aquifer, 
draining into the cooling water channel, Deep Creek and the SBER. Potentiometric maps 
(December 2005) for both the deep wells and the shallow wells are included as Figures 3 and 4. 

2.3 Monitoring System (well type definitions) 

The existing monitoring well locations are depicted on Figure 2. As shown on Figure 2, significant 
geographic constraints exist with respect to siting compliance, performance and sentinel wells that are 
typically associated with MNA-based CAPS. The proposed MNA-based GMP incorporates both 
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groundwater monitoring wells and surface water samples. The existing well network includes a 
background well and a series of weils that are situated as close to the edge of the peninsula as 
possible. The wells around the landfill are considered to be "performance wells" as they will be used 
to track trends in arsenic concentrations in groundwater emanating from the landfill. Each proposed 
well location consists of a shallow and deep well couplet designed to provide data on both the 
horizontal and vertical groundwater impacts. 

Given the geographic constraints at the Dominion site, surface water samples will also be 
collected at various points around the peninsula. The surface water points wiil serve as "sentinel" 
points to confirm the reliability of the remedy at the receptor. Section 3.0 details the proposed 
groundwater and surface water sampling procedures. Sampling of near bottom surface water will 
provide a direct measure of arsenic flux from the landfill, thus a direct measurement of the MNA 
processes taking place. Based upon the site conceptual model, samples of surface water are well 
suited to monitoring the natural attenuation of arsenic at the CEC Landfill. A total of four (4) 
surface water sampling locations (SW-1, SW-2, SW-3 and SW-4) are proposed (see Figure 2). 

The CEC landfill is ringed by a series of shallow and deep nested weils which provide data on 
both horizontal and vertical extent of plume migration. MW-5 and MW-5D are located far enough 
away from the landfill to function as background wells. To measure the effectiveness of monitored 
natural attenuation, the following well network wiil be monitored on a quarterly basis for the first 
year: 

MW-5, MW-5D, PO- PO PO-8~, CECW-61, CECW-6D, CECW-10, CECW-15, CECW-8, CECW- 
8D, PO-10, PO-IOD, CECW-3, CECW-3D, CECW-2, CECW-2D, CECW-1, and CECW-ID 

Note - Sampling of the compliance wells (MW-4, MW-5, CECW-1, CECW-2. CECWJ, CECW-5, - 
P08, P09, PO10 and PO1 1) shall continue under the respective monitoring program during the 
Corrective Action process. 

As shown on Figure 2, these wells are intended to serve as "points of compliance" with regard to 
the uppermost aquifer underlying the facility. All wells, except PO-8D, CECW-8D, CECW-3, and 
CECW-15 which currently exhibit arsenic concentrations below the GPS of 10 uglL, should also 
be considered performance wells. Based on accepted arsenic transportation theoly, the facility 
wells will be able to measure the performance of the natural attenuation remedy both directly and 
indirectly. They will directly measure the arsenic concentrations to ensure that arsenic levels are 
not increasing, implying that no more arsenic is being added to the aquifer system. By measuring 
iron levels as well as groundwater chemistry, these performance wells will be integral in creating 
arsenic transport models, if needed, as an indirect measurement of the success of monitored 
natural attenuation. 

42065



Corrective Action Monitoling Plan Page 3 
Dominion Generation, Chesapeake Energy Center. Vepm Street, Chesapeake VA February 2008 

2.4 Well installation Procedures 

No new well installations are planned. Boring Logslas-built diagrams for the wells to be sampled 
as part of the MNA-based GMP are included as Appendix A. 

3.0 SAMPLING PROGRAM 

3.1 Constituent(s) Listing (well specific) 

3.1.1 Groundwater 

All groundwater monitoring wells listed in Section 2.3 will be monitored for the constituents listed 
below. The MNA ~erformance list included in Submission Instructions No. 21 are not all 
applicable to docuinent the viability of the arsenic adsorption process. The following constituents 
will be monitored in order to monitor site geochemical conditions and concentrations over time: 

Total and dissolved arsenic by EPA method 200.8 modified (ICP-DRC-MS); 

o LOD - 0.004 mglL; LOQ - 0.010 mglL . Arsenic Speciation (As+3 and AstS) samples using anion resin column followed by 
analysis by EPA method 200.8 modified (ICP-DRC-MS) 

o LOD - 0.004 mglL; LOQ - 0.010 mglL 

Total and dissolved iron by EPA method 200.8 modified (ICP-DRC-MS); 

o LOD - 0.007 mg1L; LOQ - 0.010 mglL 

General water quality parameters (dissolved oxygen, oxidation-reduction potential, 
pH, temperature, turbidity and specific conductance) 

The proposed analytical methods meet or exceed the limits of detection (LOD) and quantitation 
(LOQ) listed in SW-846 as updated. 

3.1.2 Surface Water 

The surface water samples (4 total) will be analyzed for following constituents: 

Total and dissolved arsenic by EPA method 200.8 modified (ICP-DRC-MS); 

Arsenic Speciation (As+= and As") samples using anion resin column followed by analysis 
by EPA method 200.8 modified (ICP-DRC-MS) . Total and dissolved Iron by EPA method 200.8 modified (ICP-DRC-MS); 

. Total (unfiltered) suspended solids by EPA Method 160.2; and 

General water quality parameters (dissolved oxygen, oxidation-reduction potential, pH, 
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temperature, turbidity and specific conductance) will be measured in a flow cell using a 
YSI.Sonde 6820. 

The proposed analytical methods meet or exceed the limits of detection (LOD) and quantitation 
(LOQ) listed in SW-846 as updated. 

3.2 Sample Collection Frequency 

Samples (groundwater and surface water) will be collected on a quarterly basis for the first year. 
The first year of monitoring data will be evaluated and compared to the latest statistical evaluation 
of the monitoring data collected under the requirements of the Virginia Solid Waste Management 
Regulations (VSWMR). Given the magnitude of the historical data collected undkr the VSWMR 
monitoring program, it is anticipated that the sampling frequency can be reduced to semi-annual 
following one year of quarterly sampling. Recommendations for future monitoring will be 
presented in the initial Corrective Action Site Evaluation (CASE) report, which will be prepared 
within 60 days following the conduct of the 4Ih quarterly sampling event. 

3.3 Sample Preservation / Handling 

3.3.1 Groundwater 

Sampling at each well begins by gauging and recording the water level and total depth of each 
well. Prior to gauging, the interface probe will be decontaminated with an Alconox solution and 
rinsing using distilled water. A Grundfos pump (or equivalent) with dedicated tubing will then be 
used to purge the well. Prior to placing the pump into the well, the pump will be decontaminated 
by pumping an Alconox solution followed by a distilled water rinse through the pump. 

The pump will be paced at the midpoint of the screened interval. Grundfos pump flow will 
adjusted to minimize drawdown (0.2 fl or less) and adjusted to a rate appropriate for low-flow 
sampling (100 to 200 mllmin). All purge water will be directed to ground adjacent to each well. 
Using a YSI Sonde 6820 (or equivalent) and flow cell, field parameters (dissolved oxygen, 
turbidity, oxidation-reduction potential, pH, specific conductance, and temperature) will be logged 
every three minutes until all parameters stabilize. Stabilization is achieved when all parameters 
have met the following criteria for three successive readings: 

pH agreementwithin 0.1+1- S.U.s: 

conductivity agreement within 3%+/-; and 

oxidation-reduction potential and dissolved oxygen within lo%+/- 

Using a Lamotte turbidity meter (or equivalaent), turbidity will be measured periodically during the 
purging process. Turbidity is considered to be the primary bias factor regarding metals analyses, 
so wells were purged until the turbidity is under ten (10) NTU's. 

Upon parameter stabilization, the flow-through cell will be removed and ground water samples will 
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be directed into laboratory supplied containers under proper chain of custody and placed into a 
cooler conteining ice. Samples will be shipped to the appropriate laboratory at a temperature 
between two and negative two degrees Celsius. 

3.3.2 Surface Water 

Sampling will be accomplished using weighted tubing and a peristaltic pump. Tubing will be of a 
type approved for the analytical parameter list. New tubing will be used for each sampling event 
at each sampling site. Tubing weights will be non-reactive and decontaminated between uses. At 
each sampling site a sampling elevation in the water column (measured from the sediment-water 
interface) will have been predetermined using the rational previously described. The sample will 
be representative of a larger area of groundwater oufflow if a relatively large sample aliquot (4 L) 
is collected. This large sample is then agitated and subsampled for unfiltered (total) water quality, 
followed by subsampling and filtering (0.45 micron) for dissolved water quality parameters. 

3.4 Chain of Custody Procedure 

A chain of custody form will be completed by sampling personal and placed in each cooler to be 
shipped. A copy will be kept by field personnel. After receiving the shipment, the laboratory project 
manager signs the Chain of Custody that arrived in the coolers, and returns the copy to personnel 
along with the sampling results. An example Chain of Custody is included as Appendix B. 

3.5 Field Book Records 

Detailed field notes of the sampling efforts will be kept during sampling events. Following the 
sampling event, field notes will be copied and filed with the laboratory analytical results. 

3.6 Laboratory Procedures 

The laboratory will ensure that the samples were received at the appropriate temperature and 
under a signed chain of custody form. All groundwater and surface water samples will be 
analyzed for totalldissolved metals by EPA method 200.8 modified (ICP-DRC-MS). Surface water 
will also be analyzed for total (unfiltered) suspended solids by EPA Method 160.2. 

3.7 QNQC Program 

To ensure the integrity of the data, the following quality control samples will be collected during 
each sampling event: 

an equipment blank will be taken by sampling de-ionized water that has been poured over 
sampling equipment; and 

one field duplicate for groundwater and surface water 

Equipment used shall be calibrated routinely as recommended by the manufacturer. 

42068



Corrective Action Monitoring Plan Page 6 
Dominion Generation. Chesapeake Energy Center, Vepco Street, Chesapeake VA February 2008 

3.8 Statistical Trend Evaluations 

Using data from the pre-corrective action sampling performed under the facility's compliance 
monitoring program and the data obtained as part of the corrective action program, the Permittee 
will perform a statistical evaluation to document the overall reduction of the mass flux from the 
source material to groundwater around the landfill. The proposed groundwater and surface water 
constituents are designed to demonstrate the viability and long-term reliability of the adsorption 
process. 

3.9 Interpretation of GW Elevation Data 

Dominion will-determine the elevation of the groundwater surface for both the shallow and deeper 
potions of the upper aquifer each time the groundwater is sampled to the nearest 0.01 foot. 
Potentiometric surface maps will be prepared for the shallow and deeper portion of the aquifer for 
each sampling event. The rate and direction of groundwater flow will also be determined. The 
groundwater flow maps will be submitted as part of the Corrective Action Site Evaluation reports 
submitted periodically. 

3.10 Record Keeping 

The Permitee shall retain all field sampling, monitoring, testing and analytical data obtained 
throughout the corrective action monitoring period. 

4.0 REPORTING SCHEDULE 

4.1 GPS Exceedance Notifications 

GPS exceedances have been documented for arsenic at various locations at the site. However, a 
recent statistical evaluation (Gibbons, 2001) indicates that the arsenic concentrations appear to be 
decreasing with time. The proposed corrective action (MNA) will use surface water samples in the 
adjacent estuaries to document the long term effectiveness of the adsorption process. In the event 
that any of the downgradient surface water samples exceed the GPS for arsenic, the Permittee will 
notify the VDEQ of this finding within 14 days. 

Within 90 days, the Permittee will submit the following: 

an evaluation of the concentrations measured in the groundwater and surface water at 
each monitoring point; . any proposed changes to the monitoring program necessary to meet the requirements of 
the corrective action program; and . any proposed changes to the monitoring frequency or sampling procedures 

Should the need arise for implementation of a replacement remedy, the Permittee will submit a 
report to the Director justifying the plan at least 14 days prior to implementation. 
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4.2 CASE Reports 

Dominion Gill prepare and submit Corrective Action Site Evaluation (CASE) reports on a periodic 
basis to address the evaluation and criteria topics outlined in 9 VAC 20-80-310.B. The CASE 
reports shall be signed by a qualified groundwater professional. As currently envisioned, the initial 
CASE report will be submitted within 60 days following the'4" quarterly sampling event of the first 
year of monitoring. Given the volume of historical groundwater data for the CEC landfill, there are 
enough data to perform a CASE study after the first year of corrective action monitoring. 
However, the CASE report submission timeframe will be set in the Permit (typically on a 3-year 
timeframe). 

As currently envisioned, each CASE report shall include the following information, at a minimum: 

Summary of most recent groundwater and surface water quality data, including a 
discussion of arsenic concentrations along flow paths and a demonstration that the 
adsorption process is capable of reducing the arsenic concentrations to below the GPS 
before discharging to the adjacent estuary; 

Summary of most recent groundwater elevation data; 

Plume maps and potentiometric surface maps; and 

Summary of investigation-derived waste and disposition of those residuals 

5.0 WELL O&M PROGRAM 

Monitoring wells will be inspected during each sampling event. If it is found that a well is no longer 
capable of providing representative samples, it will be redeveloped or abandoned and replaced 
before the next sampling event. 
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PROJECT INFORMATION 
l' XT: Dominion Chesapeake 

S h r  LOCATION: Chesapeake, Virginia 

JOB NAME: 1200686 

LOGGED BY: Eli Holland 

PROJECT MANAGER: Eli Holland 

DATES DRILLED: 11/2/05 

BOREHOLE NO.: CECW-2D 

WEATHER: 

Tan Fine Moist Sand 

L l t s  Tm Fine Wvll Soncd Moia Sand Wlth 
Cobbler and Parrible Smdslane Lens st 13 
fcet 

Brown Finc hbist Sand Grading Down to a 
Dwk Grey Chy and Sand at 18 fcet 

Brawn Fine Wet Sand With Soft Grey Clay 

Tan Medium to Fine Wet Sand Grading 
Dawn to a Dark Brown Fine Wet Clayey 
Sand 

Tan Fine Wet Sand and Clay. Shells and 
Organic Material Encountered at 37-39' bgr 

Lite Tan Fine Wet Sand to Brown Clay 
Grading Down to a Grey green Clay at 43' 
bgs 

Borehale Number: CECW-2D 

DRILLING INFORMATION 
DRILLING CO.: Boart Longyear 

DRILLER: Mati White, and Travis Wisenbeck 

RIG W E :  Track Mounted Mini Sonic 

METHOD OF DRILLING: Roto -Sonic 

HAMMER NA 

TOTAL DEPTH: 43 

= Observed Water Level NA = Not Applicable 

Page 1 of 1 

WELL I NOTES I 
. . . . . . . . . . . 
hrnplclcd with 3 ' s t i ckq  
nth prorrctivs steel eumg 4"' 

concrete well pad. 

land cleared to rl' 
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Soil Boring Log Borehole Number: CECW-3D 

PROJECT INFORMATION DRILLING WORMATION 
F TI? Dominion Chesapeake 

S h n  LOCATION: Chesapeake, Virbnia 

JOB NAME: 1200686 

LOGGED BY: Eli Holland 

PROJECT MANAGER: Eli Holland 

DATES DRILLED: 11/3/05 

BOREHOLE NO.: CECWJD 

Grey Black Fine Silty Sand 

DRILLING CO.: Boart Longyear 

DRILLER: Matt Whit% and Travis Wireobeek 

RIG TYPE: Track Mounted Mini Sonic 

METHOD OF DRILLING: Roto - Sonic 

HAMMER NA 

TOTAL DEPTH: 43 

Grey Black Fine to Medium Wet Silty Sand 
Grading Down to a Tan Medium Sand 

DEPTH 

Tan Brown Medium Moist Sand 

WEATHER: 

- 

Grey Black Fine Wet Sand and Silt or Ash 

= Observed Water Level' NA = Not Applicable 

SOILROCK 
SYMBOLS 

BLOW 
COUNT 

- ... - .. ... - ... - - ... - .. ... - ... - - ... - .. ... - ... - - ... - ... 
- ... - .. ... - ... - ... - .: Grey Black Fine Wet Silt or Ash With ... - ... - , . . - 7 Some Sand ... - ... - - ... - .. ... - ... - - ... - .. ... - ... - 

, - ... - .. . . . . . .  ............ Tan Brawn Medium SandFining Downward . . . . . .  . . . . . .  . . . . . .  ...... . . . . . .  ...... . . . . . .  . . . . . .  . . . . . .  ..... ...... ' GreyFine Wet Sand ...... . . . . . .  ...... . . . . . .  . . . . . .  . . . . . .  . . . . . .  ...... . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  ...... ...... . . . . . .  . . . . . .  . . . . . .  . . . . . .  
... - ... - - ... - .. - - Grey With Same Orange Medium to Course ... ... - ... - .. . , , - . . , - Sand Fining Downward - ... - .. 

S O E  DESCRIPTION 

hnpleted with 3' stick-up 
with protective steel casing an 

PID 
(ppm) 

concrete well pad. 

land cleared to 4' 

WELL 
CONSTRUCTION NOTES 
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Borehole Number: CECW-8D 

PROJECT INFORMATION DRILLING INFORMATION 
F 'CT: Dominion Chesapeake 

S h o  LOCATION: Chesapeake, Virdnia 

JOB NAME: 1200686 

LOGGED BY: Eli Holland 

PROJECT MANAGER: Eli Holland ' 

DATES DRILLED: 11/4/05 

BOREHOLE NO.: CECW-8D 

WEATHER: 

land cleared to 4' 

DRILLING CO.: Borrt Longyear 

DRILLER: Matt White, andTravis Wisenbeek 

RIG TYPE: TraekMounted MiniSonif 

METHOD OF DRILLING: Roto - Sonic 

HAMMER NA 

TOTAL DEPTH: 27 

= Obsenred Water Level NA = Not Applicable 

DEPTH 

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  ... . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  ...... . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  '.'.'.'.'.'. . . . . . .  . . . . . .  . . . . . .  . . . . . .  ...... . . . . . .  . . . . . .  . . *  . .#  ... . . .  . . *  . . ,  . . . . . .  . . . . . .  . . . . . .  ...... . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  ...... 
..a . .<  . . . . . .  ...... ...... . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  ...... . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  ...... . . . . . .  ...... . . . . . .  ...... . . . . . .  ...... . . . . . .  ...... . . . . . .  ...... . . . . . .  . . . . . .  . . . . . .  . . . . . .  .............. .............. - . - . - . - .............. .............. 

_, -, -, -, .............. .............. 

:omplepd with 3' stick-up 
vith protective steel casing am 
:onCrete well pad. 

Page 1 of 1 

LiteTanFine Wet Sand 

LiteTanMediumWetSand 

LiteTanMedium WetSand 

Lite Tan Wet SandGrading Down to Lite 
Tan Fine Silty Wet Sand 

TanMedium Wet Sand Grading D a m  to 
Tan OrangeFine Silty Sand 

T d  Orangish Brawn Fine Silty Sand Into a 
Dark Grey Clay With Some Sand at 28' bgs 

SOIL/ROCK 
SYMBOLS 

BLOW 
COUNT 

SOIL DESCRIPTION NOTES 
PID 

(ppm) 
WELL 

CONSTRUCTION 
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Soil Boring Log 

PROJECT INFORMATION 
P CT: Dominion Chesapeake 

S I ~ G  LOCATION. Chesapeake, Virginia 

JOB NAME: 1200686 

LOGGED BY: Eli HoUand 

PROJECT MANAGER: Eli HaUand 

DATES DRILLED: 11/4/05 

BOREHOLE NO.: MW-5D 

WEATHER: 

Borehole Number: MW-5D 

DRILLING INFORMATION 
DRILLING CO.: Boart Longyesr 

DRILLER: Matt White, and Travis Wisenbeek 

RIG TYPE: Track Mounted Mini Sonic 

METHOD OF DRILLING: Roto - Sonic 

HAMMER NA 

TOTAL DEPTH: 30 

Observed Water Level' NA =Not Applicable 

Paee 1 of 1 
I - 

:amplegd with 3' stick-up 
vith protective steel caring and 

DEPTH 

, 

conckte well pad 

iand cleared to 4' 

SOILIROCK 
SyMBOLS 
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.:::::, . . . . . .  . . . . . .  

Brown Moist Silty Sand 

Lite Tan Fine Grained WetSand 

Lite Tan Fine Grained Wet Sand 

LiteTanandOrangeFine WetSandGrading 
Down to a Fine to Medium Sand 

Lite Tan Fine to Medium Wet Sand 

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  ....... . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

SOIL DESCRIPTION 

Lite Tan Fine to Medium Wet Sand Grading 
Down to a Brownish Orange Fine Wet Sand 

BLOW 
COUNT 

PID 
(ppm) 

WELL 
CONSTRUCTION NOTES 
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Soil Boring Log 
Borehole Number: PO-8D 

PROJECT INFORMATION DRILLING INFORMATION 

Black Loose Sand and Fill Gravel 

P CT: Dominion Chesapeake 

snr. LOCATION: Chesapeake, Virginia 

JOB NAME: 1200686 

LOGGED BY: Eli Holland 

PROJECT MANAGER: Eli HaUand 

DATES DRILLED: 11/5/05 

BOREHOLE NO.: PO-8D 

WEATHER: 

DEPTH 

Lite Tan Loose Sand into Dark Grey/ Black 
Fine Silty Sand and Gravel at 8' bgs 

DRILLING CO.: Boart Longyear 

DRILLER: Matt White, and Travis Wisenbeek 

RIG TYPE: Track Mounted Mini Sonic 

METHOD OF DRILLING: Rote - Sonic 

HAMMER NA 

TOTAL DEPTH: 44 

= Observed Water Level, NA =Not Applicable 

Page 1 of 1 

Black Fine Loose Wet Sand 

SOIWROCK 
SYMBOLS 

Dark Grey Medium Stiffwet Clay Grading 
Down to a Black Course Sand and Gravel at 
18' bgs 

Dark Grey Medium StiffClay Grading ... 
... Down to a BlackFine Sand a t 2 7  bgs 

SOIL DESCRIPTION 

... 

Grey With Orange Mottling SoR Wet Clay 
. Grading Down to =Tan Fie to Medium Wet 

Sand 

Lite TanIOrangish Brown Fine Wet Silty 
Sand 

BLOW 

COUNT 

Lite Tan / Orangish Brown Fine Wet Silty 
Sand 

Dark Grey Silty Wet Sand and Dark Grey 
Medium Stiff Wet Clay 

PID 
@pm) 

:omplet~d with 3' stiek-up 
dth protective steel casing am 
:oncrete well pad. 

land cleared to 4' 

WELL 
CONSTRUCTION NOTES 
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Borehole Number: PO-1OD 

Slilo LOCATION: Chesapeake, Virginia I DRILLER: Man White, and Travis Wisenbeek 

PROJECT INFORMATION DRILLING INFORMATION 

JOB NAME: 1200686 

LOGGED BY: Eli Holland 

PROJECT MANAGER: Eti HaUsnd 

DATES DRILLED: 11/5/05 

P CT: Dominion Chesapeake 

RIG TYPE: Track Mounted Mini Sonic 

METHOD OF DRILLING: Roto - Sonic 

DRILLING CO.: Boart Longyear 

I HAMMER NA 

BOREHOLE NO.: PO-IOD 

WEATHER: 

Lite Grey Fine Sand and Clay 

TOTAL DEPTH: 25 

= Observed WaterLevet NA = Not Applicable 

Pare 1 of 1 

DEPTH 

:omple!ed with 3' stick-up 
vithprateetive steel easing am 
:oncrete well pad. 

land cleared to l 

- 

-5 

-10 

-15 

-20 

- 

-25 - 

S O r n O C K  
SyMBOLS 
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COUNT 

SOIL DESCRIPTION 
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PID 
(ppm) 

BrownFine Wetsand 

Brown Fine Wet SandGrading Down to 
MediurnSand 

Bmwn Caune Wet Sand Grading Down to 
FineSand 

Lite Greylorange Fine Wet Silty Sand 
Grading Down to Grey Green Clay at 25' 
bgs 

WELL 
CONSTRUCTION NOTES 
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