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Re: City of Amarillo Landfill — Potter County
Municipal Solid Waste (MSW) - Permit No. 73A
Permit Modification — Compliance with New Subchapter ] Requirements
Response to Comments Dated April 28, 2009
Tracking No. 12644612; RN100237551 / CN600130942

Dear Mr. Williamson:

We have reviewed your comments dated April 28, 2009 regarding the proposed municipal solid waste
permit modification to maintain compliance with recent changes to Title 30 Texas Administrative Code
(30 TAC) Chapter 330, Subchapter J concerning the facility Groundwater Sampling and Analy51s Plan
(GWSAP) and the spacing of monitor wells along the facility point of compllance

Below are your specific comments followed by our response:

1. In order to draft the permit modification sheet should your application be found satisfactory, you

provided in your response a revised table containing a listing, description, and location of all changes

" to the facility permit (cover pages, tables of content, figures, text pages, appendices, etc.) that are

proposed in your application. Please be sure that all revisions made to your application to address
these comments are reflected in the above table as well.

Response: The table has been revised and is attached.

2. Since your application lays out the specific details of your facility’s groundwater monitoring plan in '
the GWSAP versus citing Chapter 330 of Title 30 Texas Administrative Code as a whole, strict
consistency with the wording of these rules is imperative. Therefore, please revise the GWSAP to
include the entirety of the following requirements:

a) 30 TAC Section 330.407(b)(1);
b) 30 TAC Section 330.407(b)(3);
¢) 30 TAC Section 330.407(b)(4);
d) 30 TAC Section 330.407(c)(3);
e) 30 TAC Section 330.407(c)(4);
f) 30 TAC Section 330.407(d); and
g) 30 TAC Section 330.409(d);
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‘Response: The GWSAP has been revised as requested. In particular Section 3.0 and 4.0. The
entire Attachment 11 is being re-submitted. .

" 3. Your response states that “...it is well documented that the entire Ogallala Aquifer is thinning due to
withdrawal rates, due mainly to agricultural irrigation demands. The permitted site is experiencing
the same trend. Therefore, replacing the existing monitoring wells allows for adjustment of the
screened intervals within the saturated zone.” Yet your proposed permit modification application
does not address how the above trend could similarly impact existing piezometers B-203 and B-204- -
in the future. Please review the installation design of the two piezometers, and consider replacing
them as well to maintain consistency with the well design proposed for the new groundwater
monitoring system to be installed at your facility. ‘

* Response: P:ezomete} B-203 and B-204 were msralied in 2005 and will be used to measure depth
to water only No revisions are necessary.

4. In Comment 4 .of our Febmary 26, 2009 NOD lette1 we had asked you to p;ov1de a detailed .
explanation for installing at least four (4) monitor wells upgradient of the site, as opposed to installing
2 to-3 of these wells along the western boundary of the facility where little historical groundwater
‘data has been obtained to postulate a’ long-term groundwater flow direction in this area.. Your
response states that “...ongoing water level data will better define and update the flow gradients to
determine the need for additional monitoring devices along the western boundary.” It goes on to say
that “(d)ue to the continued decrease in groundwater elevation ‘within the Ogallala, this ongoing.
evaluation will be useful since it appears that the western portion of the site may be experiencing a
_slight shift in groundwater flow direction (more southerly without the easterly component). Until this
" groundwater trend is more accurately measured with additional data from the new monitoring well

7 network presented on Plate 1 Appendlx 5B is proposed.”

In consxdermg your proposed groundwater monitoring system, we have carefully analyzed the
groundwater potentlometrlc surface contour maps (Plates 6B.1 through 6.15) included with your -
‘application. The main problem seen in your proposed system is that its design is based on an
inadequate amount of date to confidently limit the facility’s pomt of compliance to only the southern
and eastern boundaries of the site, with no compliance monitoring along the western boundary. Until
the March 18, 2008 sampling event, no groundwater level data was available west of monitor wells

- MW-1, MW-7, MW-9, and MW-6 to- better define the direction and historical fluctuation of
groundwater movement in the area. Your response indicates a similar opinion, as quoted in the first
paragraphs of this comment. Lookmg at the above plates, groundwater flow in the western half of the
facility is depicted to move in a southerly to .south-southwesterly. direction from November 1994
through the October 2007 sampling event, using the limited data available at the time Since the stated
plates contain a large majority of information pointing toward the need for groundwater monitoring
‘along the western boundary of the permitted waste footprint, please revise your proposed monitoring
system to incorporate monitor wells along this side of the facility. By moving the proposed locations
of monitor wells 814, 815, 816, 817, and 818, you can position one of these five wells as a

. background monitor well, leaving the remainder plus an additional few wells to extend the facility’s
designated point of compliance to the upper northwest corner of the site. Groundwater data obtained -
over time in the western portion of the site could then potentially be used in the future to provide hard
evidence for revising the demgn of the facility gioundwater momtormg system should you desire to
do so.

HDR Engineéring.lnc;_
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Response: Please see revised Part IlI, Atiachment 5 and Part I]I, Attachment .‘i Appendix 5B.

5. Your response to Comment 8 of our October 20, 2008 NOD letter resulted in a increase of the
‘maintenance portion of the facility post-closure care estimate from $25,000 for 13 wells to $34, 750
from 22 wells. A cost item for the plugging and abandonment of all of the proposed groundwatel
monitoring wells was not found in your estimates. Please add thIS cost to Table 111.8.2, Post—Closure i
Care Costs.

Response:  The Closure Cost estimate Table II1.12.1 and Table II1.8.1 have been revised to include
the plugging and abandonment to the proposed groundwater monitoring wells and piezometers: This
seemed a better location for that effort and therefore required-a change to Part I1I, Atmchmenr 12
Revised portions of Part III, Attachments 8 and 12 are enclosed.

-We have adjusted the time reqlured for installation of the monitor wells to 18- months As discussed,
the following activities must take place for this pro_lect

Survey approved well locations -
Develop plans and specifications for access roads for well installation and samplmg
Advertise and bid road work
Obtain council approval for road work
Contract for Technical- Serwces relates to well installation and development
Develop plans and spemﬁcatlon for well installation
" Advertise and bid well installation work
- Obtain Council approval for well installation
Drill and develop 19 new wells and 5 new piezometers (for the initial phase) requlrmg
approximately 5,100 linear feet drilling

With the enormous size of this effort, we believe an 18-month time frame is more than justified.

“Attached are revised documents incorporating the changes described above. New versions are included
for Part ITI, Attachment 5; Part III, Attachment 5, Appendix 5B; and Part III, Attachment 8 and Part III,
Attachment 11. Revised Table I11.12.1 (page 6) is being submitted to update the closure cost estimate in
Part III, Attachment 12. One original and one unmarked copy is included along ‘with one version in
redline/strikeout format to facilitate your review of the changes. An additional unmarked copy is being
sent to the Texas Commission on Environmental Quality Region 1, (Attention of Mr. Eddy Vance, Waste
Program Manager, 3918 Canyon Drive, Amanllo Texas 79109-4933). Also, included is an original

. certification statement.

Sincerely,

HDR Engineering, Inc.

Texas Registered Engineering Firm F-754
1

Michael W. Oden, P.E.
Project Manager

HDR Engineering, Inc.
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Attachments

ce: Mr. Michael Rice, P.E. - City of Amarillo
Mr. Eddy Vance, TCEQ Region Office, MC R-1
Mr. Michael Shiflett, P.E. - Kleinfelder
Mr. Louis Fleischhauer, P.G. - Kleinfelder

HDR Engineering, Inc.
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Signature Page

_MICUMEL RICE . Directorof Public Works
{Operator) {Title)

ceriify. 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 qualifled personnel properly gather and
evaluate the information submiited, Based on my inquiry of the person or persons who manage the
system, or those persons directly responsible for gathering the information, the information submitted is,
to the best of my knowledge and belief, true, accurate, and complete. | am aware there are significant
penalties for submitting false information, including the possibility of fine and imprisonment for knowlng

violations.
Date: MM ?
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Signature:

TO BE COMPLETED BY THE OPERATOR IF THE APPLICATION 18 SIGNED BY AN AUTHORIZED
REPRESENTATIVE FOR THE OPERATOR .

i , hereby desighate
(Print or Type Operator Name) : (Print or Type Representative Name)

as my representative and hereby authorize said representative to sign any application, submit additional .
information as may be requested by the Commission; and/for appear for me at any hearing or befora the
Texas Commisslton on Environmental Quality in conjunction with this request for a Texas Water Code or
Texas Solid Waste Disposai Act permit. | further understand that I am responsible for the contents of this
application, for oral statements given by my authorized representative in support of the application, and
for compliance with the {erms and conditions of any permit which might be Issued based upon this
application.

Printed or Typed Name of Oparator or Principal Executive Officer

Signature

o wr ve me ow s Ak b v w v v b AL A e rE P e Y RSy TR TE M R v wr rE BT T NS Y M e e YE MR A e e e e A B S Ry ve M e e B Y W e e b W W b e

SUBSCRIBED AND SWORN to before me by the sald _ WLCMJ ‘&M ’
ontis__ /5% dayef 2009

My commission expires on the 29% day of Q@d £ -, S0/ 3

JAN WILLIAMS

NOTARY gg&}%
EO

S s 04290013

.......

County, Texas

{Note: Application Must Bear Signature & Seal of Notary Publié)

"TCEQ Part I Application ‘ Page 10
TCEQ-0650 (Rev. 07720/06)




Site Development Plan — Permit Modification

SubChapter F and J
Section Replacement and/or Additional Pages
Part ITT Attachment 5: Groundwater Updated/revised cover page, table of
Characterization Report ‘ contents (TOC), pgs. 1-15 (re-submitted

entire Attachment)

Part III Attachment 5: Appendix 5B

Re-submitted entire Appendix 5B

Part 11T Attachment 8: Closure and Post-
Closure Care Estimates

Updated/revised cover page, TOC, pages 1-3
(re-submitted entire Attachment)

Part ITI Attachment 11: Groundwater
Sampling and Analysis Plan

Updated/revised cover page, TOC, pages i-
38 (re-submitted entire Attachment including
appendices)

Part IIT Attachment 12: Final Closure Plan

Updated/revised cover page, TOC, page 11

Part III Attachment 13: Post-Closure Care
Plan

Updated/revised cover page, TOC, pages 1-7
{re-submitted entire Attachment)

As of July 2009 submittal

City of Amarifte Landfill- Permit No. 73A
Permit Modification

HDR Engineering, nc.
July 2009
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Part I

Attachment 5

Groundwater Characterization Report

Permit - MSW No. 73A
Issued August 22, 2007

City of Amarillo,
Potter County, Texas

Revised July 2009

EQLOGY

Ve

11507

This document was prepared for use oniy by the client, only for the purposes stated, and within a reasonable time from issuance. Non-
commercial, educational and scientific use of this report by regulatory agencies is regarded as a “fair use” and not a violation of copyright.
Regulatory agencies may make additional copies of this document for internal use. Copies may alse be made available to the public as required
by law. The reprint must acknowiedge the copyright and indicate that permission to reprint has been received.




City of Amarillo Landfill
Part III, Attachment 5
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Appendix 5A — Limited Groundwater Characterization Investigation

(1994 permit documents)

» 1994 Limited Groundwater Characterization Investigation with attachments

Appéndix 5B — Updated Hydrogeologic Information

¢ Existing and Proposed Monitoring Well Locations

s Typical Monitoring Well Detail

e Proposed Monitoring Well Network

¢ Groundwater Elevation Summary, September 1994 through April 2009

¢ Groundwater Contour Map with Directional Flow and Point of Compliance
¢  Groundwater Contour Map, November 9, 1994

¢ Groundwater Contour Map, April 14, 1995

¢ Groundwater Contour Map, October 16, 1995

e Groundwater Contour Map, April 15, 1997

93651 / FW(O8R099 i Klsinfelder
City of Amarillo — Part HI, Attachment 5 July 2009
Landfill Permit MSW 73A Version 6




Appendix SB — Updated Hydrogeologic Information (continued)

¢ Groundwater Contour Map, October 14, 1998

¢ Groundwater Contour Map, April 17, 2000

o  Groundwater Contour Map, October 16, 2001

¢ (Groundwater Contour Map, April 14, 2003

o Groundwater Contour Map, October 18, 2004

» Groundwater Contour Map, October 17, 2005

¢ (Groundwater Contour Map, April 18, 2006

¢ Groundwater Contour Map, April 18, 2007

¢ Groundwater Contour Map, October 15, 2007

s  Groundwater Contour Map, March 18, 2008

»  Groundwater Contour Map, August 14, 2008

s Groundwater Contour Map, November 19, 2008

» Groundwater Contour Map, January 12, 2009

* Groundwater Contour Map, April 13, 2009

e Structural Surface Contour Map of the Triassic Dockum Formation
o Kleinfelder Logs of Borings 203 and 204 with Piezometer Construction Detail
e Monitoring Well Data Sheet and Logs

93651 / FWO8R099 ii Kieinfelder
City of Amarillo — Part 111, Attachment 5 July 2009
Landfill Permit MSW 73A Version 6




OVERVIEW OF ATTACHMENT 5 INFORMATION

The City of Amarillo plans to vertically expand its landfill. The waste footprint of the proposed
landfill will be identical to the footprint that the TNRCC (now TCEQ) originally approved in
1975 and reviewed again as part of the Alternate Liner Demonstration (ALD) submitted in
compliance with the requirements of the RCRA Subtitle D upgrades. The ALD provided for
utilizing a flexible membrane liner including a geosynthetic clay liner (FML/GCL).
Additionally, the original permit (granted July 2, 1975) had no provision for limiting the depth of
excavation. The 1994 Subtitle D upgrade prepared by HDR provided excavation grades for a
portion of Cell 4, with the other cells indicating excavation depths. To comply with TCEQ rule
changes made March 2006, this permit has been modified.

For this permit modification the hydrogeologic information that is contained in the 1994
Alternate Liner Demonstration (see Appendix 5B) and contained in the 2005 permit amendment
has been reviewed. The 1994 Alternate Liner Demonstration interprets the field permeability
tests, water level measurements, hydrogeologic units, potentiometric surface, recharge/discharge
mechanisms, and groundwater flow regime (including groundwater flow and velocity) of the
regional and site geology and the site subsurface data. The information contained in the 1994

report remains applicable to this permit amendment.

Groundwater flow direction and gradients from 2008 data are similar to those interpreted from
the 1994 and 2005 data. The recent groundwater measurements indicates the Ogallala aquifer
has lowered as much as 1 foot from the 2005 measurements and from 4 to 6 feet lower in
elevation than measured in 1994, over the southern half of the site. Six groundwater-monitoring

wells have been used for compliance monitoring,

As a portion of the 2005 permit amendment, four additional geotechnical borings were drilled.
Borings 201 and 202 were drilled June 7 and 8, 2005 in the northeastern portion of the permitted
area. The purpose of these borings was to retrieve soil samples and to review stratigraphic

information with existing subsurface information (see Attachment 4 for discussion), Recovered

93651 / FWOBR099 1 Kleinfelder
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soil samples were used for further analysis regarding landfill foundation settlement as presented
in Attachment 4, 2005 permit document. Borings 203 and 204 were drilled on September 7
and 8, 2005 in the western portion of the permitted area in order to install piezometers, and to

gather additional groundwater information.

The groundwater characterization information from the 1994 permit documents is attached and
incorporated in its entirety as Appendix SA to this updated 2005 report. Appendix 5B to this
2008 report contains an updated site plan with monitoring well locations including twenty two
new monitoring wells, the revised monitoring well network details, updated groundwater

elevations, potentiometric surface map, and updated monitoring well data.

Attachment 5 Appendices

Appendix SA — Limited Groundwater Characterization Investigation (1994 permit documents)

o 1994 Limited Groundwater Characterization Investigation with attachments

Appendix 5B — Updated Hydrogeologic Information

s Existing and Proposed Monitoring Well Locations

¢ Typical Monitoring Well Detail

¢ Proposed Monitoring Well Network

e Groundwater Elevation Summary, September 1994 to April 13, 2009
o  Groundwater Contour Map with Directional Flow and Point of Compliance
¢ Groundwater Contour Map, November 9, 1994

¢ Groundwater Contour Map, April 14, 1995

o  Groundwater Contour Map, October 16, 1995

s Groundwater Contour Map, April 15, 1997

¢ Groundwater Contour Map, October 14, 1998

¢ Groundwater Contour Map, April 17, 2000

e  Groundwater Contour Map, October 16, 2001

¢  Groundwater Contour Map, April 14, 2003

93651 / FWOBR099 2 Kleinfelder
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Appendix 5B — Updated Hydrogeologic Information (2008) (continued)

s  Groundwater Contour Map, October 18, 2004

e Groundwater Contour Map, October 17, 2005

¢ Qroundwater Contour Map, April 18, 2006

¢ Groundwater Contour Map, April 18, 2007

¢ Groundwater Contour Map, October 15, 2007

¢ Groundwater Contour Map, March 18, 2008

¢  Groundwater Contour Map, August 14, 2008

¢ Groundwater Contour Map, November 19, 2008

o Groundwater Contour Map, January 12, 2009

¢ Groundwater Contour Map, April 13, 2009

o Structural Surface Contour Map of the Triassic Dockum Formation
s Kleinfelder Logs of Borings 203 and 204 with Piezometer Construction Detail
¢ Monitoring Well Data Sheet and Logs

93651 / FWOBRQ99 3 Kleinfelder
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1.0 GROUNDWATER MONITORING SYSTEM

The groundwater monitoring system plan currently in place at the site was approved by TNRCC
(TCEQ) in a letter dated March 28, 1995, Subsequent approval was made by the TCEQ for the
December 2005 permit amendment for the groundwater monitoring system additions. The entire
records of monitoring well installations are on file with the TCEQ. The current monitoring well
network consists of six locations labeled MW-1 through MW-6. Piezometers labeled PZ-1,
PZ-2, and PZ-3 (drilled July through August 1994) were converted to Monitoring Wells 7, 8,
and 9 respectively, and are located interior of the landfill boundary. Monitoring Wells 10, 11,
12, and 13 (drilled October through November 1999) were subsequently constructed south of
Monitoring Wells 7 and 8, but north of the southern landfill boundary. Since Monitoring Wells 7
through 13 are interior of the site, but outside the current fill areas, these wells are not the

monitoring wells of record, but have been used for recording groundwater data.

For this permit modification and in compliance with the March 2006 TCEQ rule changes, the
current monitoring well network is proposed to be replaced with a new network of twenty two
(22) new monitoring wells, To spare confusion with previously documented borings and wells
the new monitoring wells are to be numbered in an “800” series to relate to this 2008/2009
modification. Plate 1T of Appendix 5B presents the existing and proposed monitoring well

focations,

An updated construction detail and table for the updated, proposed monitoring well network is
included in Appendix 5B, Plates 2 and 3. The fable presented on Plate 3, Appendix 5B, presents
monitoring well designations and elevations for screened interval, filter pack, bentonite seal, and
bottom of well for the proposed new monitoring well network. A discussion regarding Plate 3,
Proposed Monitoring Well Network Screen Interval Elevations, is presented in Section 4.0, A
plan to add seven additional proposed monitoring wells (MW-14 through MW-20) was proposed

for the 2005 permit amendment but is superseded through this permit modification.

93651 / FWO8R099 4 Kleinfelder
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The existing monitoring wells are currently being sampled semi-annually according to the
Groundwater Sampling and Analysis Plan (GWSAP). Each monitoring well has been verified by
visual observations for the 2005 Amendment as to general location. The surface completions
including caps, pads, and guard posts are in acceptable condition. The monitoring well sampling

events continue to document that each well is functioning as intended.

The depths to groundwater within the monitoring wells are measured for each sampling event.
The elevation of the groundwater as determined from these measurements is summarized in

tabular form presented on Plates 4 and 5, Appendix 5B.

The trend in the saturated thickness of each existing monitoring location is a thinning of the
saturated zone.. The trend is due to increased groundwater usage throughout the region (i.c., not
assoctated with Amarille Landfill) resulting in a general decline in the groundwater elevations
and differing recharge rates to the aquifer from localized percolation and permeability. The soils
overlying the saturated zone of the Ogallala provide an unsaturated layer above the water table.
No shallow perched water tables within the unsaturated zone have been encountered beneath the
landfill. The presence of the unsaturated zone is consistent with regional hydrogeology

information.

Each of the six existing network monitoring wells continues to provide samples from screened
well sections within the saturated zone of the Ogallala. The depths of sampling within the wells
will continue to be monitored at each sampling event. The current monitoring well network

continues to function effectively, but will be replaced as discussed in the following sections.

93651 / FWO8R099 5 Kleinfelder
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2.0 POTENTIOMETRIC SURFACE

The existing monitoring wells indicate similar trends of increasing and decreasing groundwater
elevations among all well locations for each sampling event. As interpreted from the
groundwater measurements, the potentiometric surface continues to generally descend from the
north to the south, Consistent with 1994, the 2008/2009 groundwater gradient is approximately
twice as steep in the northeastern one-third of the site as compared to the southwestern two-
thirds of the site. Additionally, a south-southwesterly trending hydraulic ridge is interpreted in

the northeastern portion of the site locally forming radial flow to the southwest and southeast.

The 2008/2009 groundwater elevation trends indicate a continued decrease (lower) in the
potentiometric surfaces since 2005, Decreases range from one foot along the northern perimeter
of the site to %-foot along the southern perimeter of the site. Saturated thicknesses of the
Ogallala Aquifer estimated from the potentiometric surfaces down to the top of the Triassic
Dockum formation (Plate 25, Appendix 5B} show thicknesses to be less than 2 feet along the
northern perimeter and from approximately 47 to 55 feet along the southern perimeter. A
chronology of groundwater elevation data for this site indicates a trend of thinning saturated
thickness of the Ogallala aquifer. Regional and national data show this to be the trend for the

entire Ogallala aquifer,

Two additional deep borings were drilled during the 2005 Permit Amendment and converted to
standpipe piezometers. The borings/piezometers have been designated as B-203 and B-204 and
are located along the western side of the permitted landfill. Including the groundwater elevation
data from 203 and 204 along with the other monitoring locations, the potentiometric surface has
been updated and presented as groundwater contour maps as presented on Plates 18 through 24,
Appendix 5B. These groundwater maps provide the more recent historic data from the site.
Groundwater contour maps presented upon Plates 7 through 17 provide the older historic data for
comparison. Groundwater flow paths for 2008/2009 are similar to those estimated for 2005 and
continue to generally indicate the northern and the northern two-thirds of the western boundaries

of the landfill are upgradient for the permitted site. These supplemental groundwater elevation

93651 / FWOSR099 6 Kleinfelder
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points indicate the equipotential lines within the western quarter of the site bend slightly toward
the southeast along the northern two-thirds of the western boundary, and flow direction
approximately parallel to the site boundary within the southern one-third of the western
boundary. The eastern boundary of the landfill area has maintained a relatively consistent
potentiometric surface since 1994, The eastern boundary of the landfill continues to show a
slight southeastern groundwater vector, which places the eastern boundary as downgradient to
the permitted site, although groundwater flow encountering the eastern boundary has a narrow

site entry area east of existing Monitoring Well 5.

The groundwater elevation trends indicate that a slight decrease (lower) in the potentiometric
surfaces since 1994, especially in the southern half of the site. This is consistent with the
regional groundwater information published by the High Plains Underground Water
Conservation District No. 1. The groundwater measuring locations {(monitoring wells) confirm
groundwater elevation trends and flow directions similar to those measured in 1994 and also

measured within the monitoring wells during sampling events since 1994,
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3.0 MONITORING WELL LOCATIONS

The existing monitoring well locations were verified in the field. The groundwater data trends
indicate that variations in the groundwater elevations within the monitoring wells are similar
across the network. This indicates that groundwater flow directions and gradients continue to
descend southward. Therefore, the existing monitoring well network continues to monitor both
upgradient and downgradient locations as intended. However, a review of well configurations
and the thinning of the aquifer saturated thickness has lead the City to desire to upgrade the

entire monitoring well network for the site as a part of this modification.

Boring logs for the wells and the on-going groundwater measurements confirm the presence of
groundwater within a single hydrogeologic unit (Ogallala) as interpreted by the 1994 permit
document. There are no interpreted shallow, perched water pockets above the saturated zone of

the Ogallala within the permitted area.

Subchapter J of the TAC Title 30 2006 revisions require that a facility have a point of
compliance monitoring network with well spacing not to exceed 600 feet and for the detection of
groundwater contamination in the uppermost aquifer at the point of compliance (vertical surface
located no more than 500 feet from the hydraulically downgradient waste management
boundary). The point of compliance is designated along the southern, eastern, and southern one-
third of the western permit boundaries as depicted on Plates [ and 6, App. 5B, and is the first
time the point of compliance has been designated for this landfill site.  Groundwater
measurements from 2005 to 2009 consistently indicate inward gradients along the entire northern
and northern two-thirds of the western side of the site. The southern one-third of the western
perimeter of the site has pressure gradients approximately orthogonal, that is, groundwater flow
direction parallel to the site boundary. Based on the flow paths, the entire eastern and southern
boundaries of the site are indicated to be within outward gradients from the site. Since there are
no perched water tables at the site, the monitoring wells are each deep wells placed completely
into the groundwater zone depicted by the potentiometric surface. On this premise 20 new

monitoring wells will be spaced along the site perimeter at the point of compliance. Two
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additional upgradient wells (818, 819) will be installed as well as three upgradient piezometers
(PZ-823, 206, and 207). The locations of the monitoring wells and piezometers are presented on

Plates 1 and 6, Appendix 5B.

Plate 6, Appendix 5B has been included to show the groundwater contour elevations, selected
flow paths and locations for the proposed monitoring wells and piezometers. This plate is
intended to help the reader visualize the proposed monitoring well and piezometer network as it

relates to the potentiometric surface.

Based on the six existing on site monitoring wells and two off site State registered water wells, a
structural map of the top of the Dockum formation has been prepared and is presented as
Plate 25, in Appendix 5B of this permit modification. The screened intervals for the new
monitoring well network will fully penetrate the Ogallala aquifer and terminate on top of the
Triassic Dockum geologic formation. Plate 3, Appendix 5B summarizes the proposed monitoring

well network configurations including anticipated screening intervals,

The 6 existing monitoring wells in the currently approved groundwater monitoring system will
be left in place until the regulatory background sampling period for the new wells is satisfied, at
which time the existing monitoring well network MW-1 through MW-4, and MW-6 will be
decommissioned. Monitoring Well 5 will be evaluated in comparison with PZ-823 to determine
if MW-5 should be decommissioned or if it should remain within the monitoring well network.
As previously mentioned, it is well documented that the entire Ogallala Aquifer is thinning due
to withdrawal rates, due mainly to agricultural irrigation demands. The permitted site is
experiencing the same trend. Therefore, replacing the existing monitoring wells allows for

adjustment of the screened intervals within the saturated zone.

Therefore, the groundwater monitoring system for the site will consist of Upgradient Monitoring
Wells 818, and 819 along with MW-5 and, Downgradient Monitoring Wells 801, 802, 803, 804,
805, 806, 807, 808, 809, 810, 811, 812, 813, 814, 815, 816, and 817. Downgradient Monitoring
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Wells 820, 821 and 822 will be installed once Cell 12 is developed, but prior to waste placement

within this cell.

As mentioned, the groundwater level beneath the landfill continues to decrease, which is a
regional trend. The groundwater flow gradients along the western side of the landfill will
probably continue to shift if this groundwater lowering trend continues. Therefore in addition to
the existing piezometers PZ-203 and PZ-204, piezometers PZ-206, PZ-207, PZ-821, and PZ-
822.will be installed along the western side of the site and groundwater measurements will be
made in these piezometers when measurements and sampling occurs within the monitoring well
network. Also, in order to further confirm groundwater levels being measured in MW-5,
piezometer PZ-823 will be installed near MW-5 and groundwater levels measured during normal
sampling events. After each sampling event, a groundwater contour map will be produced and
the trend of the pressure gradients and flow directions, particularly along the western side of the
site, will be analyzed. If gradients shift, the point of compliance may be altered and the

monitoring well network updated to adequately monitor the groundwater flow.

A groundwater contour map will be produced for each monitoring well sampling event and
submitted as part of the groundwater monitoring report. Due to the continued decrease in
groundwater elevation within the Ogallala, this ongoing evaluation will be useful since it appears
that the western portion of the site may be experiencing a slight shift in groundwater flow
direction (more southerly without the easterly component). By observing groundwater flow lines
as presented on Plate 6, it can be seen that the proposed monitoring well network installed at
upgradient locations will intercept groundwater flow, as well as intercepting downgradient flow
along the southern and eastern boundaries. As can be observed, the southern boundary of the

landfill intercepts most of the groundwater flow entering the site from the north and west.

Following acceptable background monitoring by TCEQ, existing Monitoring Wells 1 through 4

and 6 will be decommissioned, with MW-5 evaluated at that time,
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4.0 MONITORING WELL SCREENED INTERVALS

As discussed, it is well documented that the overall trend of the Ogallala formation that lies
beneath the central section of the United States is decreasing in top surface elevation due to
withdrawal. While if is the intent of the monitoring well system at the landfill to monitor the
saturated zone, it is also necessary to maintain the bentonite seal above the screened interval
below the water level for hydration purposes. With the current thinning of the saturated section,

the placement of the screen and bentonite seal becomes important.

The groundwater levels at the landfill have been plotted and observed for trends. Although the
groundwater level beneath the landfill is decreasing in elevation across the entire site, not every
monitoring location presents identical rates of decrease. By observing the trends, an annual
decrease of 0,2 feet per year has been approximated. When selecting a life expectancy of a
monitoring well of at least 15 years, the elevation of top of seal can be calculated.
Plate 3_Appendix 5B presents the calculated screen length for each planned monitoring location.
Due to the relatively thin aquifer saturated thickness at locations MW-815, 816, and 817, and
also at PZ-823, this projected decrease does not produce a saturated thickness suitable for

monitoring,

At each proposed monitoring location, the initial pilot boring will determine saturated thickness
at the time of drilling. For the thin sections mentioned above, the field geologist on site will
communicate with the permitting engineer to determine the appropriate length of screen and
depth of bentonite seal to be installed. The top of seal may be altered from the clevations

presented in this document depending upon the actual observations at time of drilling.
4.1 POTENTIAL FLOW PATHWAYS
In the event that the primary composite liner system is compromised and a release occurs, the

anticipated primary pathway of contaminant transport would be vertically and to a lesser extent

horizontal through the unsaturated materials, The majority of the subsurface materials consist of
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sand and clayey sand in the unsaturated zone, and then sand in the saturated zone of the Ogallala
Formation. Caliche layers are also present in the upper portion of the unsaturated zone that
would have some affect on vertical migration. Some horizontal migration would be expected as
a result of the caliche and finer grained material in the unsaturated zone, Because of the relative
thickness of the unsaturated zone and the finer grained nature of the unsaturated zone materials,
any release of contaminants could likely become entrapped in the soil and slowly released over
time. Infiltration of surface water is generally minimal in this area, and therefore it is not
expected that percolation of surface water into the subsurface would aid in the leaching of any

contaminant that may have been released due to a breach in the liner system,

In the event a contaminant reaches the saturated zone, the primary mechanisms controlling the
distribution of chemical transport would be advection and dispersion through the aquifer
materials in the direction of groundwater flow as shown on Plate 6, Appendix 5B. The
predominant downgradient groundwater-monitoring boundary for the landfill site is the southern
boundary. The flow direction and gradient has been consistent at the site since monitoring was
initiated during the 1994 permitting process. As previously discussed above, given the
consistent nature of the groundwater flow and gradient at the site, the proposed monitoring

network is anticipated to be adequate to monitor groundwater conditions at the site.

4.2 GROUNDWATER MONITORING SYSTEM INSTALLATION

Upon approval of the proposed groundwater monitoring system, the City of Amarillo will begin
the process of replacing the existing system with the upgraded and approved monitoring well
network, The approved network will be installed, and background data developed prior to
terminating groundwater testing within the existing monitoring well network. Once background
analytical data has been established, the existing moniforing well network will be
decommissioned and formally documented. At the time of submission of this permit
modification, it is anticipated that 18 months will be required once the system has been formally

approved to fully complete the extensive replacement of the existing monitoring well network.
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During this time interval, dual sampling events will be occurring and will continue until the

upgraded network is fully installed and appropriate background data established.

Notification of the Texas Commission on Environmental Quality (TCEQ) MSW Permits Section

will be given at least 45 days prior to initiating any proposed plugging and abandonment

procedures.
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5.0 EXISTING GROUNDWATER ANALYTICAL DATA

The general water quality of the Ogallala is acceptable for numerous applications. The
concentrations of Total Dissolved Solids (TDS) and Chloride increase from north to south, TDS
concentrations in the Amarillo area have been reported (Nativ 1988; Knowles and others 1984)
to be approximately 400 milligrams per liter (mg/1). Samples obtained in 1980 and in 1988 from
water wells near the Amarillo landfill show similar TDS levels and levels of chloride in the range
of 4 to 7 mg/l. Groundwater samples have been taken from monitoring wells at the landfill since
1995. These samples indicate that TDS levels range from 300 to 600 mg/l. Chloride levels
range from 4 to almost 200 mg/l, with the higher results occurring in upgradient monitoring well,
MW-5, Nitrate levels at the landfill historically range from 1 to 20 mg/l; sulfate levels from 10
to 33 mg/l; again the higher concentrations occurring in upgradient monitoring well, MW-5. The

water is considered "hard" by the High Plains Underground Water Conservation District,

Some metals have been detected in small concentrations during monitoring events. The most
prevalent metal that has been detected is Barium with levels ranging from 180 to about
550 micrograms per liter (ug/l). The higher concentrations of barium occur in upgradient

monitoring wells, MW-5 and MW-6.
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6.0 GROUNDWATER MONITORING SYSTEM CERTIFICATION

General Site Information

Site: City of Amarillo Landfill

Site Location: Amarillo, Potter County, Texas
Permit No: 73A

Date Permit Issued: 1974

Qualified Groundwater Scientist Statement

I, Donald D. James, P.G., have reviewed the groundwater monitoring system and supporting
data. In my professional opinion, the existing groundwater monitoring system and the proposed
additional monitoring wells is in compliance with the groundwater monitoring requirements
specified in 30 TAC §330.230 through §330.235. The monitoring well system is currently
operative at the site, but will be replaced. The proposed groundwater monitoring system will
consists of: upgradient wells MW-5, MW-818 and MW-819; downgradient wells MW-801,
MW-802, MW-803, MW-804, MW-805, MW-806, MW-807, MW-808, MW-809, MW-810,
MW-811, MW-812, MW-813, MW-814, MW-815, MW-816, and MW-817, Groundwater
monitoring wells MW-820, MW-821, MW-822 will be installed once Cell 12 is developed, but
prior to waste placement. This system has been designed for the exclusive use of the City of
Amarillo, Texas for specific application to the Amarillo Landfill (TCEQ Permit No. 73). Tam a
qualified groundwater scientist as defined by 30 TAC §330.2. The only warranty made by us in
connection with this document and specifically with the monitoring well network is that we have
used that degree of care and skill ordinarily exercised under similar conditions by reputable
members of our profession, practicing in the same or similar locality when designing or
reviewing monitoring well systems. No other warranty, expressed or implied, is made or
intended.

Kleinfelder

6850 Manhattan Boulevard, Suite 300

«__Fort Worth, Texas 76120

Signa 5Q 74 /A MQQ@W

Date: L f”) .3 §,..,._ N @ ‘/i
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APPENDIX 5B

Existing and Proposed Monitoring Well Locations

Typical Monitoring Well Detail

Proposed Monitoring Well Network

Groundwater Elevation Summary, September 1994 to April 13, 2009
Groundwater Contour Map with Directional Groundwater Flow and Point of Compliance
Groundwater Contour Map, November 9, 1994

Groundwater Contour Map, April 14, 1995

Groundwater Contour Map, October 16, 1995

Groundwater Contour Map, April 15, 1997

Groundwater Contour Map, October 14, 1998

Groundwater Contour Map, April 17, 2000

Groundwater Contour Map, October 16, 2001

Groundwater Contour Map, April 14, 2003

Groundwater Contour Map, October 18, 2004

Groundwater Contour Map, October 17, 2005

Groundwater Contour Map, April 18, 2006

Groundwater Contour Map, April 18, 2007

Groundwater Contour Map, October 15, 2007

Groundwater Contour Map, March 18, 2008

Groundwater Contour Map, August 14, 2008

Groundwater Contour Map, November 19, 2008

Groundwater Contour Map, January 12, 2009

Groundwater Contour Map, April 13, 2009

Structural Surface Contour Map of the Triassic Dockum Formation
Kleinfelder Logs of Borings 203 and 204 with Piezometer Construction Detail
Monitoring Well Data Sheets and Logs
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Proposed Monitoring Well Network

Screened Interval Elevations
City of Amarillo Landfill

Potter County, Texas

DONALD D. JAMES

GEOLOGY

s T - B . : “.f’:m =
MW-801 Downgradient 3814.0 3532 3586.2 54,2 3583.2 51.2 3580.2 3582.2 3579.2 3532 47.2
MW-082 Downgradient 3811.11 3532 3585.0 53.0 3582.0 50.0 3579.0 3581.0 3578.0 3532 48.0
MW-803 Downgradient 3809.90 3535 3584.6 49.6 3581.6 46.6 3578.6 3580.6 3577.6 3535 426
MW-804 Downgradient 3806.66 3535 3583.4 48.4 3580.4 45.4 3577.4 3579.4 3576.4 3535 41.4
MW-805 Downgradient 3805.91 3534 35834 49.4 3580.4 46.4 35774 35794 3576.4 3534 42.4
MW-806 Downgradient 3796.77 3532 3583.4 51.4 3580.4 48.4 3577.4 3579.4 3576.4 3532 44.4
MW-807 Downgradient 3781.07 3533 3583.4 50.4 3580.4 47 .4 3577.4 3579.4 3576.4 3533 43.4
MW-808 Downgradient 3789.70 3529 35683.3 543 3580.3 51.3 3577.3 3579.3 3576.3 3529 47.3
MW-809 Downgradient 3792.10 3526 3583.1 57.1 3580.1 54.1 35771 3579.1 3576.1 3526 50.1
MW-810 Downgradient 3784.08 3538 3584.5 486.5 3581.5 43.5 3578.5 3580.5 3577.5 3538 39.5
MW-811 Downgradient 3768.29 3549 3586.2 37.2 3583.2 34.2 3580.2 3582.2 3579.2 3549 30.2
MW-812 Downgradient 3743.14 3560 3587.8 27.8 3584.8 24.8 3581.8 3583.8 3580.8 3560 20.8
MW-813 Downgradient 3745.44 3571 3589.4 18.4 3586.4 15.4 3583.4 3585.4 3582.4 3571 11.4
MW-814 Downgradient 3745.83 3582 3593.3 1.3 3590.3 8.3 3587.3 3589.3 3586.3 3582 <5.0
MW-815 Downgradient 3746.92 3591 3598.0 7.0 3595.0 <5.0 3592.0 3594.0 3591.0 3591 <5.0
MW-816 Downgradient 3757.68 3600 3602.5 2.5 3599.5 <5.0 3596.5 3598.5 3596.5 3600 <5.0
MW-817 Downgradiant 3746.21 3607 3607.5 0.5 3604.5 <5.0 3601.5 3603.5 3600.5 3607 <5.0
MW-818 Upgradient 3702.56 3594 3604.5 10.5 3601.5 7.5 3598.5 3600.5 3597.5 3594 <5.0
MW-812 Upgradient 3688.61 3560 3596.5 36.5 3593.5 33.5 3580.5 3592.5 3589.5 3560 28.5
MW-820 Downgradient 3784.80 3550 3590.5 40.5 3587.5 37.5 35684.5 3586.5 35683.5 3550 335
MW-821 Downgradient 3810.00 3543 3589.1 46.1 3586.1 43.1 3583.1 3585.1 3582.1 3543 391
MW-822 Downgradient 3815.82 3537 3587.5 50.5 3584.5 475 3581.5 3583.5 3580.5 3537 43.5
PZ-823 Upgradient 3738.35 3612 3613.3 1.3 3610.3 <5.0 3607.3 3608.3 3606.3 3612 <5.0
PZ-206 Upgradient 3704.72 3555 3594.8 39.8 3591.8 36.8 3588.8 3590.8 3587.8 3555 32.8
PZ-207 Upgradient 3764.98 3551 35927 41.7 3589.7 38.7 3586.7 3588.7 3585.7 3551 34.7
PZ-821 Downgradient 3810.00 3543 3589.1 461 3586.1 431 3583.1 35685.1 3582.1 3643 39.1
P7Z-822 Downgradient 3815.82 3537 3587.5 50.5 3584.5 47.5 3581.5 3583.5 3580.5 3537 43.5

93651 / GW Table
Copyright 2009 Kleinfelder

Note: For locations where 15 year project groundwater thickness is less than 5 feef, well screen length and top of bentonite seal will

be finalized at the time of well installation, depending upon actual saturated thickness measured in the field.

Plate 3, App. 5B
Version 6
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2005 Kleinfelder
Logs of Borings

B-203 and B-204




LOG OF BORING NO. B-203
Project Description: Amarillo Municipal Landfill - Potter County, Texas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation; 3763'
2 g § =
01, 4151517
gz |84 B3 gl g
2l 3|8l &l 25| &| 8 B
fa £ g =N -] & g =1
HEHE
BlEIEIS Piezometer
el MATERIAL DESCRIPTION Construction
CALICHE, very light red-brown, hard, jointed, moderate to 1
highly cemented n I ]
: Cement : :
7 -5
- 10 —
I A D e _ BL37511; 12.0¢ : :
CLAYEY SAND, silty, light red-brown and very light
brown, dense, with calcareous accretions and occasionat B n
caliche cemented sandstone seams and layers i - =
Bentonite - 15 —
Holeplug
- 20 —
/ - -
/ -
X -]
— 30 —
(-~ Sand [ ]
continued on next page
Completion Depth: 220 ft, Remarks:  Boring dry upon completion. Water at 169.1 feet, 20 hours after
Date Boring Started: 917/05 completion of drilling and sampling.
Date Boring Completed:  %/7/05
Logged by: D. James
Project No.: 57815
Stratification tnes represen ximay boundard In-sil
m KLEINFELDER m?tamg:sgghmdégp&sLoe:?ﬂt:ﬂn:?snotc?’nmgr
bidding or estimating purposes, Boring log(s} should not be reproduced
m:ll }t:r:%g;ce:g}nemng report unlese said report 1s specifically Plate 7’ APP 5Ba




LOG OF BORING NO. B-203 (cont'd)
Project Description: Amarillo Muanicipal Landfill - Potter County, Fexas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation: 3763
RHP
§ % % - E &
g [BlEEI2I4| % g
[y il g a B
A ,E gl &8 1 A
SIE|B} s
@ E glgls Piezometer
B MATERIAL DESCRIPTION Construction
CLAYEY SAND, silty, light red-brown and very light T
brown, dense, with calcareous accretions and occasional B .
caliche cemented sandstone seams and layers -1 b — .
ol — 45 —
-] - 50
:::.‘_ [~ 55 -
31N -
— 50 —
L 5 —
a0 - 70 ~
o L 75
;‘;'j—z-in Ve 80 N
continued on next page
Completion Depth: 220/, Remarks:  Boring dry upon completion. Water at 169.1 feet, 20 hours after
Date Boring Started: 9/7i05 completion of drilling and sampling.
Dato Boring Completed:  9/7/05
Logged by: D. James
Project No.: ST8LS
gmitri'ﬁcqgon Tines ﬁresenl Ep?ﬁhﬁte s?—la}ta Ignm_zdari:;, ?:Dii-;igu
] a!
B kieinFELDER B . Boine (o, s not b saradoeed
separately from the engineering report unless said report is specifically Plate 7 APP 5Bb

inchuded by refersoce,




LOG OF BORING NO. B-203 (cont'd)
Project Description: Amarillo Manicipal Landfill - Potter County, Texas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation: 3763'
LA R
@ E1E 3
g E’g” IR TEA RN TR 2
AN HEMHEE §
eI
“1 181 8lg|8 Piezometer
A A MATERIAL DESCRIPTION Construction
CLAYEY SAND, silty, fight red-brown and very Tight BN
brown, dense, with calcareous accrefions and occasional 85 —
caliche cemented sandstone seams and layers SEW ~ .
- 90 4
1 Edzimeve b
] L 95 —
B — 100
- - 105 —
=1 | ~110-
% Fodosand L
"] — 115
21k - 120
1 - 125
contintied on next page
Completion Depth: 2201, Remarks:  Boring dry upon completion. Water at 169.1 feet, 20 hours after
Date Boring Started: 917105 completion of drilling and sampling.
Date Boring Completed:  9/7/65
Logged by: D, James
Project No.: 57815
aﬂa‘!riaf:lcaé}on lines r;pre.sent a{ppﬁ:lcshge sg-%ta ?ougdaﬁ;:g, rsng:;u}u
-] Eladllﬂ "
m KLEINFELDER biddingsoroésﬁ.r]::i’i’ngepwposes. Boring o(’g(s)‘jsnl_:gtgﬂ?:gt_ ;; ?epmdufed
separetely from the enginesring report unless said report is specifically Plate 7’ App. 5Be

incleded by reference.




LOG OF BORING NO. B-203 (cont'd)
Project Description: Amarillo Municipal Landfill - Potter County, Texas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation: 3763'
5[2[2]
/5|4
3 g| 5| 2|3 g =
| g s 21T é, B ~ =]
8 | 3 g g g 318 g‘
A B |4 8 g g1218
a8 .
@ g 2 S 3 Piezometer
ol e MATERIAL DESCRIPTION Construction
CLAYEY SAND, silty, light red-brown and very fight 1 [
brown, dense, with calcareous accretions and occasional - .
. caliche cemented sandstone seams and fayers H -]
| 130
o) 135
{:' i~ 140
4 san L
-1 F - 145
c1F - 150~
- moderate fo highly cemented from 155 fo 162 foet . 195
= 160—
- goarse to medium, subrounded, frosted, gap graded to well ~
graded, yellow-brown, Jess camented to non-cemented below B 7
162 feet L .
165 —
continued on next page
Completion Depth: 220 ft., Remarks:  Boring dry upen completion. Water at 169.1 feet, 20 hours after
Date Boring Started; 9/7/05 completion of drilling and sampling.
Date Boring Completed:  9/7/05
Logged by: D. James
Project Ne.: 57815
Stratification lines represent approximate strata boundaries, s in-sitn
m KLE] N FELDE R tbeﬁamiﬁunsmayhegmdual?p'fhislo of Boring is ot intended for
bidding or estimating purposes, Boring log(s) sheuld not be reproduced
geparately from the enpincering report unless said report is spécifically Plate 7 App. 5Bd

inchuded by reference.




LOG OF BORING NO. B-203 (cont'd)

Project Description: Amariilo Municipal Landfill - Potter County, Texas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Blevation: 3763
LT R 3
BlElE =
% ;| E ald
o )
s |2lgl Bl8|B) B 4
Sl BIS|S) 8l g
X138 %8238 &
'é @ R = a -
& L E Bl .
§ slg|d Piezometer
s ia MATERIAL DESCRIFTION Construction
CLAYEY SAND, silty, light red-brown and very light -
!"brown, dense, with calcareous accretions and oecasional r .
caliche cemented sandstone seams and layers ~ 170
—175—
- 180 —
— 185 —
T Sereen - ~
190 —
— 195
b= 200 -4
=205 —
- with occastonal fine rounded gravel below 212 feet ; : :
210 continued on nexi page 219
Completion Depth: 220 1. Remarks:  Boring dry upon completion, Water at 169.1 feet, 20 hours after
Date Boring Started: 9/7/05 completion of drilling and sampling.
Date Boring Completed:  9/7/05
Logged by: D, James
Project No.: 57815
Eshtrahﬁcatzon lines I;p 0 ualpp_gﬂxmf;!c sg%taboundam:{:, a;}i; s{t‘}l
transith 0t [nt
m KLEINFELDER b-lgdmg orgsh:;nmégn;ggm Bo;ng%o‘)g(s)ﬁglggotbg rep;odu%red

separatel{ from the tngincering report imless sald report is specifically
included by reference.

Plate 7, App. 5Be




LOG OF BORING NO. B-203 (cont'd)

Project Description: Amarillo Municipal Landfill - Potter County, Texas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation: 3763

)| 5
2 E e
§ |8 "§ =
418 ks 2|8 s g
AL IR B
A -E 3 E E § 'é < a
“1 18 8/8|S8 Piezometer
R MATERIAL DESCRIFTION Construction
CLAYEY SAND, silty, light red-brown and very light :
brown, dense, with calcareous accretions and occasional B N
caliche cemented sandstone seams and layers o B N
Y R O SN SO _masslaie |V -
SHALE, red-brown and light green-gray, very stiff to hard, B
weathered L — 215
:220_ o d_L _ 73543,1:2200 |- ] :220__
Completion Depth: 220 ft, Remarks: Boring dry upon completion. Water at 169.1 feet, 20 hours after
P

Date Boring Staried: 8/7/05
Date Boring Completed:  9/7/05
Logged by D. James
Project No,! 57815

completion of drilling and sampling.

B ki einFELDER

Stratification lines represent :lppmximaln strafa boundaries, as in-situ
the {ransitions may be gradual. This Fog of Boring js ant intended for
bidding or estimaiing purposes. Bering log(s) should not be rep
separately from the engineering reporf unless said report ig specifically
incloded by reference.

Plate 7, App. 5Bf




LOG OF BORING NO. B-204

Project Description: Amarillo Municipal Landfill - Potter County, Texas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation: 3680’

A IEHE
NI
0 z; a &~
N HEHE k
Q
A ER
“ E AR IE: Piczometer
At Ay MATERIAL DESCRIPTION Construction
SAND with gravel, silty, light red-brown andl%rlellow-brom, ] 14
calcarcous accretions and caliche fragments, fine to medium, E | T, B “
gap 1o well graded YR = E
%] [ Cement - -
L = 5 .
4 | [
) b -
) C ]
;/' [ 0]
/‘//; 10
é -
1=
% /__Bentonile R a
/ // Holeplug
1 15
7 [ ]
- with occasional weakly to moderately cemented calcarcous Z é R ]
sandstone seams and layers below 18 feet é % 00
':.'. E_. - 25 —
- 30 —
“1 1°}-Send - -
S I O S _ BL 3645 350} [ 45 ]
SAND, yellow-brown, dense, fine to medium, gap to well oy
graded, frosted, subrounded, with occasional caliche seams B N
i continued on next page
Completion Depth: 135 /. Remarks:  Boring dry upon completion. Water at 81.6 feet, 1 hour afler completion
Date Boring Started: 9/8/05 of drilling and sampling.
Date Boring Completed:  9/8/05
Logged by: D. James
Project No.: 37815
g}ratiﬁcggon lines rgeprcswt appﬁ?ima!a s}mB‘zn boundanlﬁ, as i;sl;u
transi gradual. This £
B KLEINFELDER e b e g e e
;gla:ad::ll f:e?qt\lgggnmmgrepoﬁmlesssmdmpmssspwiﬁcany Plate 8, APP- 5Ba




LOG OF BORING NO. B-204 (cont'd)
Project Desctiption: Amarillo Municipal Landfill - Potter Connty, Texas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation: 3680
9 g18|8| =
s | B3] 81818 Bl
SlElgiciSl gl g i)
B .-8 g g 21 d g 8, D
A gl2|8 R
E @l s E E =
& g .
E g§/8|S Piczometer
Bl MATERIAL DESCRIPTION Construction
SAND, yellow-brown, dense, fine to medium, gap to well
graded, frosted, subrounded, with accasional caliche seams [~ ]
1 — 45
] F — 50 —
S 55—
- s ]
SR - 60 ~
L. 65 —
- 70 —
- moderately cemented sandstone from 74 to 75 fest K .5 ;
- with trace clay 80
x [
continved on next page =
Completion Depth: 1351t Remarks:  Boring dry upon completion, Water at 81.6 feet, 1 hour after completion
Date Boring Started: 9/8105 of drilling and sampling.
Date Boring Completed:  9/8/05
Logged by: D. James
Project No.: 57815
| o taniions ey o goadhl s Log of Portsg s o ptonod o
al,
B ki eiNFELDER g o o ds. BRI st g
m& ymfcmme:gmurmgrepozt ess said report I specifically Plate 8, App 5Bb




LOG OF BORING NO. B-204 (cont'd)

Preject Description: Amarillo Municipal Landfill - Potter County, Texas
Location; See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation:  3680°
U £l =
gl |88 'g
th &
A HEEHE £
I I g ‘§ 218189 a
EI%EIEIE|E"
LIRS 813 Piezometer
<ol I o MATERIAL DESCRIPTION Construction
SAND, yellow-brown, dense, fing fo medium, gap to well
graded, frosted, subrounded, with occasional caliche scams — 85 —
- 00 -
- with occasional fine gravel below 105 feet B 105t
—~ 110
=115~
- 120
N O N N PL3SS781220 | L
i GRAVELLY SAND, varicgated, dense - B i
] - 125—
continued on next page ,
Completion Depth: 135 f. Remarks:  Boring dry upon completion. Water at 81.6 feet, 1 hour after completion
Date Boring Started: 9/8/05 of drilling and sampling.
Date Boring Completed:  9/8/05
Logged by: D, James
Project No.: 57815
fhlraliﬁca!gm lines r;pmsa&:‘i :]ppTrgxinmle si;aBan I:cn.u:ldaﬂ'¢:si’,.l as ié:;;r;_u
transi . Ihi ing {5 not inten
BB cieinreLDEr e et o, s ot s st b e |
scparately from the eagineering report unless sald report is specifically Plate 8, App 5Bc

inctuded by reference,




LOG OF BORING NO. B-204 (cont'd)

Project Description: Amarillo Municipal Landfill - Potter County, Texas
Location: See Plan of Borings, Plate 1 Appendix 4C
Approx. Surface Elevation: 3680'
5218 .
AR 5 H
o o o
=] § 8 g % é, 4 = =]
g Q § Hi g 8 8 B
& g 2iel 8 a
E. & = I N
& b g Elg .
é g1 Piezometer
i i R MATERIAL DESCRIPTION Construction
R gx] |o_f_ .4 _ . _ 1 GRAVELLY SAND, varicgated, dense = ]
| SHALE, red-brown, and light grecn-gray, very stiff to hard g i ]
: 130 T Sereen :' 130":
135 Ao do1 FL3sa8: 1350 | | 125
Completion Depth: 135 f1. Remarks:  Boring dry upon completion. Water at 81.6 feet, 1 hour after completion
Date Boring Started: 9/8/05 of drilling and sampling,
Date Boring Completed: ~ 9/8/05
Logged by: D, James
Project No.: 57815

B xLeinFELDER

Stratificatjon lines repressnt approximate strats beendaries, as in-situ

the transitions may be gredual, This Lo% of Boring ig not imfended for
ogz(s) should not be reproduced
sepam!el{frmntbe engineering teport unkess sald report is specifically

bidding or ¢stimating pirposes. Boring

in¢luded by reference.,

Plate 8, App. 5Bd




1994 — Dyess - Peterson Testing Laboratory, Inc.
Log of Boring

MW-1




Hi-1

Texas Water Commission

A. MOﬂifG?‘ We“ Data Sheet Huniclipal Solid Waste Divimion

.E;rmmee or Sita Name: City of Awarillo MSWLE TOH Pammit No., - 83736?
County: Potter Monitor Well 1.D. No.;_ MW-1
Date of Moniter Well Installation: __8-9-94 : Dale of Monitor Weil
Monltor Well: Latitude: N35° 1316" { gngityde; WLO2® O1'35" _ Daveloproent: 8-10-84
Monitor Well Groundwaler . . Monior Wall Drllor

Gradient: Upgradient ___ Downgradient XX __ Name; be€ Peterson
NOTE:; Lizonse No.: _3045M

(A)The information shoon in the sketch below should be considered the minimtm required for an installed ground-water monitor wel,
(B} Report Al Depths from Surface Elevation and aff Elevations relative to Mean Sea Level, .

{C) The minimun distance between the inside wall of the Bore Hols and the outside of the Well Casing shal! be 3*,

(D) Use Flush Screw Joint Casing only, 2 diameter or larger. Recommiend 4" diameter minimum & Teflon Taping Casing Joints.
(E) Well development should continue until water is ¢lear. and pH ahd conduetivity are stable.

Gaologist, Hydrologist or Enginaor Supervising Well Instafiation:  Ray Hamby '

Statie Watar Lovel Elevation {with respect to MSL) afier Wall Davelopamont 1 3588,30°

Nama of Goologic Formation(s) in which Woll is complafed: Ogallala

Type of Locking Device: _Padlock . Type of Gasing Prolection: Upright Well Protector

Concrete Surlaca Pad - Recommend sieel
reinforcement in the Strace Pad.
. Surface Pad Dimensions:

~ B X8 x "

+——Top of Protective Collar Elevation: 3817.62"
Top of Casing Elavation: 3816.82'

nqt B

+———Surveyer's Pin Elevalion;

™

ce
Efevalion® 3814.85' .

T s ey LA

Concrete Seal ] i
Depth: _ 0.0 i it
Casing Seal (Backfilf) A S
Material: _Bentonite Grout - g

h 3

- 14

. 3 +{+—Bantonite Seal Top
Bentonlle Seal PE 2 Depth:  203.0' Elevation: _3611.85'

Filter Pack o b1 +—Filler Pack Top

Filler Pack Material; 8-16 Sand Depth: 208.0°  Elevason: 3606.85'
Slenlized Sand or Glass Beads : ;
1’: Well Casing
Well Screen: Y : S‘i‘yp'e{: iP\;C -
> i ize {diamelery: __4
Top Depth: _213.0° ; Schedulfe or Thickness: _Sch, 40

Top Elevation: 3601.85'
Type of Well Screen: PVC

_Areen Opening Size: )
0.020" # Bora Hola Diametsr: 9.875"

mid—Boltom Cap (Depth: 253.2°)




LCG OF BORING
PROJECT: Amarillo MSWLF BORING NO.. M-l
CLIENT:  City of Amarillo LOCATION: Amarillo, Tezas
Date: 8-4—94 thru B~9-94 Ground Elevstion: 3814.85"
DRILLING METHOD:  Air/Mud Rotary 4 . B c )
. | & | w | GROUNDWATER INFORMATION:  Air EE gl 2|2 ¢ | ot e
B | € | & |drilled to 125" Groundwater §‘§ S0 -2 - B I O~ 1 52
Zd | £ | £ |encountered ar 225" 2 B E B |3)e| %88 (&
DESCRIPTION OF STRATUM ® ) ° 2
0 / Bandy Clay: Dark Brown, Stiff, 13.1 7 13 |21 o1
Dry (CL)
-5 . ) _pn
Sandy Clay: Reddish Tan =6 9.9 26 115 |1} 8.6
w/CalcareousNodnles (8%) Stiff, 419"
/ Dry {CL)
35-18"
. _10_/Z 7.6" 8.8 26 |13 |16 0.7
/ 16__12" .
27-18"
15 Z . -
18-6" 110.1 34 |13 |21 88.9
432"
50-13"
-20-7 X 23-6"_19.9 35 |20 |15 817
50-12" '
—25 1 Sandy Clay: Reddish Tan 15-6" 19.6 26 {15 |11 92,
| w/Calcareous Nodules (8%) o1 :
Stiff, Dry (CL) 3571
50-18"
—30—.~ Continued on Page 2

(1) G I (amantinne ¢

bt e e 1 F & s s b e s pe pee




LOG OF BORING

PROJECT:  Amarillc MSWLE BORING NO..  MW-1
CLENT: ity of Amarille : LOCATION: Amarillc, Texas
Date: 8-4-04 thru 8-9-94 Ground £levation: 3814, 85°
DRILLING METHOD: Air/Mud Rotary . * . j - _
. | & | u | GROUNDWATER INFORMATION: Air LR - O | 3| ag% £e
£, | 2 |2 |arilied to 125" Groundwater | £% | S| 512 : ] & |3
Yd | & | X [encountered at 225 - E s lsg| g %’ 238 |X
DESCRIFTION OF STRATUM € §1° 2
30 f-6" 8.3 32 122 {10 80,6
Re—127
B2 7

-3L/X 156" [o.1 33 |24 |9 1.4

R3-12"
50-15. 5"

L 40 /X 12-6" | 8.7 32 20 |12 77.9
/ 012"

50-17"

L 45
X 21~6" 7.1 33 {21 12 76.1
50-11. 5"

-5/ AX L5-6" 8.4 36 |23 hi 77.8

35-12"

50-15"

“55—“/2 18-6" 8.7 26 |17 |8 65.8

512"

/ | D13

- 60._{// Continuved on 'Page 3

FAp RS R RARE ArmEAn g Sfpe AR A0
LRSS SRR BN N

e Dilgte
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LOG OF BORING

PROJECT: Amarillo MSWLF BORING NO.;: MiW-1
CLIENT: City of Amarillo LOCATION: Amarillo, Texas
Date: §-4-94 thrv 8-9-94 Ground Elevation:  3814.85'
: DRILLING METHOD: Air/Mud Rotary . # L o= )
# | w | GROUNDWATER INFORMATION:  Air 3 - S O £ &2 gg
Z_ 12 | & |drilled to 125" Growndwater | £ | 2 |2 | 31 5| ¢ | 2EE |33
E._,E_ % | Z |encountered at 225' 55 2 g § g | 2 EgE |57
DESCRIPTION OF STRATUM * § 3 2
60 50-2" (7.4 19 |14 |5 21.5
-5/ /X] 10~6" 6.8 21 |15 6 5.1
Sandy Clay: Light Tan, Caliche, ~re
Stiff, Dry (CL) :
70 — . , po—6" 5.1 23 [18 |5 50.9
Caliche: Light Tan, Limestone,
Fractures, Hard (CL)
75 X D8-6" 4.5 19 |16 13 0.9
50-10, 5"
0. Z B3-6" 13,7 21 {17 |4 41,1
Sendy Clay: Light Tan, Caliche p0-7"
{CL)
— 55 Vi 50-3" 3.2 121, {17 & 20.1
3 / »
e e
oS
[
& 2
- 904 4 Continued on Page 4
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LOG OF BORING
PROJECT: Amarilleo MSWLF BORING NO.: HW-1
CUENT:  City of Amarille ’ LOCATION: Amarillo, Texas
Date: 8~4~94 thru 8-9-94 Ground Elevation; 3814.85'
BRILLING METHOD: Air/Mud Rotary . £ . -

. 2 | v | GROUNDWATER INFORMATION: Air ef. | Blz| 214 gt §g
= | 8| 8| arilled ro 125° Croundwarer | £5 | 8 | § | 3| 3| E | §dE |iE
55 | 2 | 2| encountered at 225' =g g |5l g | 5| 8Ed |28
[agTy 2:5 vi 22 5":“2- g z g § é -"—'-eg; b

DESCRIPTION OF STRATLM Ep R e
90 |4 ¢
/ # M0 B.6 23 {20 B3 27 .4
o) s0-7"
# :
-4
&
s 5 ,
i
o5
< 36-6" B.7 17 |13 B 6.9
< y 50-8,5Y
“
] g i
-3
F)
L1005 X | ‘
o 50-5" 3.6 19 |16 B 15,3
2 .
A a
4
I ,
-4 -
o510, Z
o]
¢
[ ¢ y
¢
A "’ Clayey Sand: Reddish Tan,
w¢ 4 |vw/Calcareous Nodules (10%)
~e| |Stiff, Dry G )
L 110_4°
<> Z 26-6" 2.7 15 110 |5 12.1
2" _ 50-12"
[
I
I'a
a4
)
I-4
s
[TI5{e )
-4
j,» ,
L y g
‘,f
o
. o
—1 207 % 4 Continued on Page 5
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LGG OF BORING
PROJECT: Amarillo MSWLF BORING NO. M¥-1
CLIENT: City of Amariilo LOCATION: Amarillo, Texas
Date: 8-4—94 thru 8-0-94 Ground Elevation: 3814.85°
DRILLING METHOD:  Air/Mud Rotary I .| o= .
) = GROUNDWATER INFORMATION:  Air g2 L3 12 2] g ] 95 £.
E,_ % § drilled to 125' Groundwater §§‘ é _% § § % ggé %E
Z# | > | 2 |encountered at 225' E; g % : |3 g £28 |
DESCRIPTION OF STRATUM * ?
] I
120 o‘n 24.6" 1.7 16 112 4 14.9
s 50-10"
0/6
[
Ly
[
4/
’
1251/
L
¢
o
[
2/
4
‘S0
‘ 4
130/~ A _ 50-4"
Lost Circulation
L 135 Not Able to Sample from
130' to 190!
140
145
1 50 Continued on Page 6
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_ LOG OF BORING
PROJECT: Amarillo MSWLF BORING NO.: M{W—-l
CLIENT: City of Amarillo LOCATION: Amarillo, Texas
Date! 8-4-94 thru 8-9-94 Ground Elevation: 3814.83°
DRILLING METHOD:  Air/Mud Rotary « * N I o
. | 2 | w | GROUNDWATER INFORMATION:  ALr e | B sl 258 888 lay
=3 - g Drilled to 125' Groundwater g‘g 8 g % z E ggé ‘32
%E § = encountered at 225 §§ g g g ’3‘ g §§§ £F
DESCRIPTION OF STRATUM * 2
150
L 155 ] i
L 160
—165
L1704
—175
—~ 180 Continued on Page 7 ]
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LOG OF BORING
N PROJECT: Amarillo MSWLF BORING NO.: MW-1
) CLIENT:  (City of Amarille LOCATION: Amarillo, Texas
Date: 8-4-04 thru 8-9-G4 Ground Elevation: 3814.85'
DRILUING METHOD: Air/tud Rotary 2l L= _
o GROUNDWATER INFORMATION: ~ Air ef g1 % 13 F g ger |2
£ 8 { & [drilled to 125' Groundwater FE g 5 5|3 % %g&f %%
g‘% § % encountered at 225' 2k § g § g g gsé £
DESCRIFTION OF STRATUM = 18] 3
180
185 )
198
— 105 Regained Circulation
v
&
L
4
ﬂ"
¢ o
g
—~ 20847 " XClayey Sand: Reddish Tan, 50-5" BD 20 (16 |4 141
¢ /5 " lw/Calcareous Nodules (10Z)
& Stiff, Dry {(8C)
Ly
4
2
F-4
&
¢ r
74
— 205
Lost Circulation
Not Able to Sample from 203' to .
253!
M 2184 Continued on Page 8
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LOG OF BORING
PROJECT: Amarille MSWLF BORING NO.:  MW-1
CLIENT:  City of Amarillo LOCATION: Amarillo, Texas
Date: 8-4—94 thru B-0-94 Ground Elevation: 3814.85'
DRILUNG METHOD: Adr/Mud Rotary . S 1 _
GROUNDWATER INFO N: : 3 E 1R L2t E0d | guE (B
< g ja° FMATION:  Adr E 13 1e 5|38 |%| i3z |2k
E | S | 51drilled to.125 Groundvater §g 5 | £ slele éﬁé’ Zg
3# | & | & | encountered at 225' 55 g1z |83 '§ SEE |
DESCRIPTION OF STRATUM ¥ E £
210
(215
L 220 ]
225
—2 30—
2357
—24 Continued on Page 9
-
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LOG OF BORING
_— PROJECT:  Amarille MSWLE BORING NO.:  MW-3
CLIENT:  City of Amarille LOCATION: Amarillo, Texas
Date: 8~4~94 thru 8~8-94 Ground Elevation: ~ 3814.85°
DRILLING METHOD:  Air/Mud Rotary = s e | = -
. 2 | w | GROUNDWATER INFORMATION:  Adr 3 g g 21 2| 8| st |k
E_| 2 |Z|drilled to 125' Groundwater| 3% | § | & | 5| 3| 2 | 2B |Z8
sbls |2} ' - 85 g | g le | 8|8 FEL
© | 5 | = | encountered at 225 2 3 3 312 4 5
el | &4 | & 53 & £ g 318 SBE | =
DESCRIPTION OF STRATUM 2 2
240" '
| 245 ]
250
# T.D, - 253" #
255
.
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1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-2




Mw-2

A. Monitor Well Data Sheei

‘ymiltes or Sile Name: City of Amarillo MSWLF
County: - Potter
Date of Monitor Well ir:stajlailo_n: 7-20-94
Monitor Well: Latilude; N35° 13"15" LongituderWi0z® O1'12"
Monitor Well Groundwater ' :
Gradient: Upgradien ___ Downgradient _X _
NOTE:

(A)The information shown in the skeich below should be considered the minimum required for an installed ground-water monitor well,

Texas Water Commission
Muntecipal Solid Waste Diviszien
SE- 67

TOH Pormit No. 172
Manitor Well LD, No.; MW-2
Data of Monltor Welt
Bevelopment: 7-21-94

Montior Woll Driller
Name: L.ee Peterson

Liconso Mo, 3045M

(BY Report Al Depths from Surface Elevation and alf Elevations relative to Mean Sea Lavel. )

{C) The minimun distance batwean the inside wall of the Bore Hole and the puteide of the Well Casing shall ba 3"

(D) Use Flush Serew Joint Casing only, 2" diameter or lrger. Recommend 4° diameter minimum & Teflon Taping Casing Joints.,
(E} Well development shonld continus until water is clear. and pH and conductivity are stable.

Geolagist, Hydrologist or Engineer Supervising Waell Installation: Ray Hamby

Static Water Lavel Elovation {with respact to MSL} afier Wall Developemant : 3586..29

Nama of Geologic Formation(s) in which Woll is comploted;_ Opallals

Type of Locking Device: __ Padlock. Type of Casing Prorec{ionlt Upright Well Protector
Concrete Surfacs Pad - Recommend sieel -
reinforcement in the Sorface Pad. +—Top of Protectiva Collar Elevation: __3809.88
Surf ions: : : :
Y a;f? l:(a% PEF;E.%S:P ns %F * Top of Casing Elsvatlon: 3809, 54!
ce - ' - I
-_vle)vition: 3805. 39" _ n : _+---—_ Surveyor's Pin Elevalion:
|
I E:E:
Concrete Seal i ;
Depth: _0.0 3 2] 5
Casing Seal (Backfil) A N
Materal: Bentonite Grout ] |
Bentonlia Seal -f 71¢——Benlapits Seal Top '
gnwonlte Seal: S : Depth: 185" | Slevation: ___3610,39"
Fiiter Pack W& Fy+Filer Pack Top 200" 3605, 39"
Filler Pack Materal: ___8-16 Sand : Depthi 222 Elevafion: 3605.39_
Sledfized Sand or Glass Beads i 1
{ Well Casing
Well Sereen i ; Type: __ PVC
T . 205" = : Size (diameien . __ 4"
op Depth:__ 205 | i : Schedule or Thickness: Seh. 40
Top Elevation; 3600.35' i 1 :
Type of Well Sereen: _PVC : : i
: - neeed—Roltom Cap (Depth: _245' )

):reen Opening Sizs: _
D.020 " H Bore Hole Diameler: _9.875"

P ——




LOG OF BORING
PROJECT:  Amarillo MSWLF BORING NO.: FW-2
CLIENT: City of Amarille LOCATION: Amarillo, Texas
Date: 7-15-94 thru 7-20-94 Ground Elevation:  3805.39"
DRILLING METHOD: Air/Mud Rotary j £ | e _
& | w | GROUNDWATER INFORMATION:  Auger gl § 2] 2 g § §§§ 35
= 2 | § |drilled to 74’ Groundwater £z g E 2 E i égg gz
25 | &= | £ |encountered at 7157 £E g g g | 3 % I3E |2
DESCRIPTION OF STRATUM E 2 2
0 Sandy Clay: Dark Brown, Stiff 13-6"19.5 38 |18 120 (1.5 4.5
Dry (CL)
/ K=4,5X 1078 co/sec 1812
? Sandy Clay: Reddish Tan
Cal Nodules(8%) Stiff, :
~5 /X ;l{ya(gi‘;e“s odules(82) Stiff, [op Sulg s 36 |15 |21 |3.5 paa
10 "‘éz 504" 16,2 29 |38 131 (3.0 g7
"15"?2 50-5"18.6 32 | 13119 {3.25 s,
—2%?2 50-4" 9.7 35 | 15 |20 01,4
"25—/X 50-5" |9, 3 38 |23 ]15 [3.5 pL8
—-30-—// Continued on Page 2
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LOG OF BORING

PROJECT.  Amarillo MSWLF BORING NO..  MW-2
CLIENT: City of Amarillo LOCATION: Amarillo, Texas
Date: 7-15-94 thru 7-20~04 Ground Elevation:  3805.38'
DRILLING METHOD: Air/Hud Rotary ® -
GROUNDWATER INFORMATION: & e JEJE || B g gur (2
. a i ! uger I= g g : o & gge 2w
= | B || f E gyl |&|¢E| a2 |ef
£ | 2 | & |Drilled to 74 Groundwater S 8 13 I 2g6 |4z
wa | = | £ jencountered at 215! E g $ ) g ] g 23¢ |3
DESCRIPTION OF STRATUM = = 2
30 7 50-3" |5.8 32 {21 111 la.00 RLA
—35 50-3" [11.9 20 120 9 4.0+ [79.2
Caliche: Light Tan, Limestomne,
/ Fractures, Hard (CL)
o so-+" 11,8 132 110 |13 [3.25 P
/ Sandy Clay: Reddish Tan
/ w/Calcareous Nodules{10%) Stiff,
/ Dry (CL)
—-@—?X s50-5" |10.5 |31 |18 {13 {3.50 3.0
“50*?2 50-5"|7.7 37 115122 |2.50 [r3.9
*SS~¢Z 50-4"{5,5 34 22112 |2.0 pu6
—-60—// Continued on Page 3
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LOG OF BORING
PROJECT:  Amarillo MSWLF BORING NO.:  Mi~2
CLIENT; City of Amarilio LtOCATION: Amarille, Texas
Date: 7-15-94 thru 7-20-04 Ground Elevation: 380539
DRILLING METHOD:  Air/Mud Rotary . £ ) o=
& | w { GROUNDWATER INFORMATION: Auger] Eg E € et ¥ g ggé %E
Ep | & | E|drilled to 74" Growndwarer | £4 | & | B | P 22| EBE |52
g5 | & | £ |encountered at 215' - g : |3 2| g | sBE |&
DESCRIPTION OF STRATUM & 5 2
60 / _ 50-4" 4.2 31 115116 {2.5 p2.2
—'70"“/
‘75“% 50-3" | MD 31 117 134 3.5 159
Caliche: Light Tan Limestone
/ FLayers, Fractures, Hard {CL)
—30—/ X 50-5" | Mp 28 | 18 |10 0.3
—85~/X 22-6" | MD 23 | 18 |5 |1.5 [0.7
/ SO"'}J..EH
v
2
Y,
vy
o o
~ 902 4 Continued on Page 4
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LOG OF BORING

PROJECT: Amarillo MSWLF BORING NOC.: MW-2
CLENT: City of Amarillo LOCATION:  Amarillo, Texas

Date: 7-15-94 thru 7-20-% Ground Elevation: 3805, 38!

DRILLING METHOD: Air/Mud Rotary

GROUNDWATER INFORMATION:  Auger
drilled to 74' CGroundwater
encountered at 215°

DESCRIPTICN OF STRATUM

200 SIEVE

e PASSING NG,

DEPTH,
FEET
SAMPLE
TRY DENSITY, PCF
LIGUAD LI, 1L
PLASTEC LnalT, PL
UNCONANED
COMPRESSIVE
STRENGTH, T5F

MOISTURE CONTENT,
PLASTICITY INCEX, PI

SPT DLOWS £ 7T
PENETROMETLR TSF

o
£-

1.0

5
b
~4
b3
[
~J

246"
50-12"

0]

plo]

50-6" |MD 34 |20 {14 [2.5 51.0

Y

3
f

> LR A oN g Y Q: o W)
BN e NN BN B N o N T N B NE SYMBOL,
& n N " LN o ERRNES

100 ] 25-6" |MD 21 117 6 1.2 |17

Y

BNEN wh N PN 0
uNE SRE OND N\ '
& L LYY o L

105+ Clayey Sand: Reddish Tan 50~5" |MD 25 |21 {4 3.0 P01
w/Calcareous Nodules{10%Z) Stiff

Dry (SC)

1>

110 50-5" [MD 22 19 {3 07.8

[

115

VRN BN W YA AR
BB ONY N w N EN BN e ah nh AN o
> s NE = b BN Y [SANEY -

BN UN"®
[ [ W L3
° P N N

L

Continued on Page 5
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LOG OF BORING

PROJECT:  Amarillo MSWLF BORING NO..  MW-2
CLIENT: City of Amarillo LOCATION: Amarillo, Texas

Date: 7-15_94 thru 7_20"'9& GrDund Eie«vaﬁon: 3805 . 39 !

DRILUNG METHOD: Air/Mud Rotary

GROUNDWATER INFORMATION: Auger
drilled to 74 Groundwater
encountered at 215°

DESCRIPTION OF STRATUM

UNCOMFINED

COMPAESSIVE

% PASSING NO.
200 SIEVE

STRENGTH, TSF

DRY DENSITY, PCF
RQUID LIMIT, LL
PLASTIC LInIT, P

PLASTICITY INDEX, P

DEPTH,

FEET

SAMPLE

AT BLOWS / #T
PENETROMETER TS

MOISTURE CONTENT, %

L=
]
=
o
es g
w
B
o~

36-6" |M
50-8"

120

L~ o o o
\-, - Q SYMBOL

=

<

-

— 125~

— 1304

Clayey Sand:Reddish Tan, 33-67 | MD 25 ) 21 14 11,75 3.1
w/Calcareous Nodules(10Z) 508"
Stiff, Pry {&C)

AN w < o o
- » w "-' - o
- had - L T -

L
bl A
-]

A=)
o

-

o™

L 135

s

N

— 1467 50-5" | MD 26 12014 13.0 {79

A -] = 'Y o o Py o
»* - & o -, - o - -
- - o - “ - o -

— 145

Y

™

Q
BN BN RN TN »
\.\5 S

b

A

-

— 1504 Continued on Page 6
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LOG OF BORING
PROJECT: Amerillo MSWLF BORING NO.: MW—2
CLENT:  City of Amarilloe LOCATION: Amarillo, Texas
Date: 7-15-894 thru 7-20-%4 Ground Elevation; 3805.39"
DRILLING METHOD: Air/Mud Rotary . * . _
= = F L - g
a-' we | GROUNDWATER INFORMATION: Auger EE g g é’ E g Eg.“-‘ 55
= 2 %" drilled to 74' Groundwater £e & s | g H éé’
g@ > | £ | encountered at 215’ ;g £ |8 § g 14 ggé £
2 g A
DESCRIPTION OF STRATUM = g | ® H
150 [ ¥ 40-6" |MD P 16.0
¢
°/, 50-7.5"
p o
a
a
F-
§
[
)
1551 ¢
2
s
4
F-
/
ﬂ -
"/
-]
23
1605 X 39-6" |uD P 2
7] —
o 50-8"
?
g
&
vy
o
& 2
[
1655 ¢
s
¢/
P
2/
[}
2/
-]
—17073" L2 ZCla}'ey Sand: Reddish Tan, 50-5" MD W j3.0 2.7
/ w/Calcareous Nodules{15%) Stiff,
o Dry (SC)
el
3! Organic Carbon Content (%)
< #237.1 MG/XG
ot a'
3
175 <
$ o+
&
# o
&
/e
7
]
I
—180 -:/,/, Continved on Page 7
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r : LOG OF BORING
PROJECT: Amarilleo MSWLEF BORING NO.: MY-2
CLIENT: Cicy of Amarille LOCATION: Amarillo, Texas
Date: 7-15-94 thru 7-20-04 Ground Elevation: 3805.39°
‘ DRILUNG METHOD: _ Air/Mud Rotary . |21, e _
.| 2 | w |cRoUNDWATER FORMATION:  Auger | E£x | E S-S B O B FLI
a’:E.r- 2 § driiled to 74! Broundwater gy 8 2 E. 5 é Eds gg
€ | £ | | encountered et 2135' =2 2 N - § 2 §%§ 2 ;
DESCRIPTION OF STRATUM = g ° 2 ;
/
180 V7 @ Clayey Sand: Reddish Tan, 50-3,5" MD NP
/ w/Calcareous Nodules (15%) (SC)
g
#
’ &
)
o
‘é‘
185 ° 7o
v ]
¥
e
a&
.
v [
i
- B4 ;
190+ % | S0-4"_bp 2
f s Sand: Tan, Well sorted, Fine :
% Grain (8C)
]
/,b #444.12 MG/KG
2
-]
<6
—195~1"5 "
e
i y ;
]
e
90
L
o’
f L
—200- 58 X 50-3.5'{ ¥D NP
g ¢
[l
I
2
2
J
&
o a‘
2055
:-':“EU' Sand: Tan, Fine Grain w/Small
A Pea Gravel (302) (gw)
79 3
BYILEY ,/i‘ Continued on Page 8
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LOG OF BORING
PROJECT:  Amarillo MSWLF BORING NO.: MW—?
CLIENT: City of amarillo ‘ LOCATION: Amarillo, Texas
Date: 7-15-%4 thru 7-20-94 Ground Hlevation:  3805.39"
DRILLING METHOD: Air/Mud Rotary . 20 1= o
= | o | GrounDWATER INFORMATION: Auger sL el = |21 ¢ | 8| gg® |5y
: SN ¥ e z E 3 Z z £8Z | g%
= @ | B | drilled to 74 Groundwater £% 3 % | 3 z 25 |&:
HE 2 2 encountered at 215' 28 g 8 § g g g%g’ ‘:.5"‘
ok n A - ’ég 5 E g %‘a o
DESCRIFTION OF STRATUM = =
210 16,273 X| #482.80 MG/XG 504" M -
1
% Sand: Tan, Well Sorted, Fine
T Grain {8C)
7
§
%
[
&
o
— 21575
s ]
¥
b
L}
1]
3
00
o
22040 oX 50-1" | MD ;
A o
']
L
] a
g
i
1]
¢
o
B
~—225—/
¢
[}
[4]
]
3
/
M
I
&
g ¥
2307 ° Z 50-1" | MD
5 Sand: Tan, Coarse Grain
¢ /| |w/Small Pea Gravel (302) (S€)
o" #336.34 MG/KG
f ]
y ¢
[
- 23517,
ﬁ -
-]
A 1
¢/ s
)
¢Sy
>
2 [
— 24 a% Continued on Page 9
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LOG OF BORING

PROJECT: Amarille MSWLF

BORING NO.: MW-2
LOCATION: Amarills, Texas

G /THIENT: City of Amarille
Date: 7-15-94 thru 7-20-94 Ground Elevation: 3805.39"
DRILLING METHOD: _Air/Mud Rotary N N .| o= )
. & | w | GROUNDWATER INFORMATION:  Augex Es § ; Sl s B ogxf Ze
. | 2 | &|Drilled to 74 Groundwater £ g | 2137 21 ¢ | 288 §§
SW [ &£ | < {encountered at 215' ZE 5 g § 2 g §§§ :
DESCRIPTION OF STRATUM £ % e
240 ’a/‘a Sand: Tan, Coarse Grain w/Small { 50-3"{MD NP 2.0
f Pea Gravel (SC)
o
oy #529.70 MG/KG
¢/
)
2 /9
3
‘ a -
— 2834 0 $0-2.5" | MD

# T,D. - 245" %

(9}
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1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-3




MW-3

Texas Water Commission

A. MGﬂf’[OI‘ We“ Daia Sheei Municipal Solid Waste Divigien

yrmittee or Site Name: City of Amarillo MSWLF TDH Permit No. * S}:?’36? '
County: ' Pot.ter Monilor Well 1.D. No.;_MH-3
Date of Monitor Well Installation: ___ 7-20-94 : Date of Monitor Well
Monitor Well; Latitude: ¥5° 13'16" { ongitde: W102° 00'35" Development:_7=23-94
Menitor Well Gmundwater ) . Manitor Woll Drilior
Gradient: Upgradient ___ Downgradient XX . Name: Lee Peterson

HOTE: Uiconsa No.:_3045M

(A)The informazion shown in the sketeh below should b considered the minimum required for an installed ground-water monitor well.
(B) Report All Depths from Surface Elevation and all Elevations relative to Mean Sea Level. ] .

{C) The minimun diseance between the inside wall of the Bore Hole and the outside of the Well Casing shall be 3",

(D} Use Flush Screw Joint Casing only, 2* diameter or larger. Recommend 4" diameter minimum & Teflon Taping Casing Jotnts.

{E} Well development should continue uneil water is clear; and pH 2id conductivity are stable.
Gaologist, Hydrologist or Enginaar Suparvising Wall Installation: Ray Hamby ‘
Static Watar Lavol Elevation {with raspoct to MSL) after Woll Devolopemont ;3589 .02

Nama of Gaologic Formation(s} in which Wall is complatod; Ogallala
T}’PE ol L‘oc}(ing Device: Padlock. Typg of Casiqg Prolection: Upright Well Protector
ConcreleSurdaca Pad - Racommend steel '
reimforcement in the Slrface Pad. —Taop of Prolective Collar Elevation; _3792.81'
Surface P i jons: . ,

uriege fad Dimensions %J[ —=~Top of Gasing Elsvatlon: 3792.72!

ce . . . O I

Ersation: 3789.57¢ ?; "—-— _ SUNE}!Or’u Pin Elevation:

Concrele Seal x :
Depth: 0.0 — [ L
Casing Seal (Backfll) ~+{" ]
Malenal: Bentonite Grout ¥ y
.3 N
Bentonfis Seal N r{+—Bantonits Seal Top
éntonite Sea 15 < N Depth:__, 195! _ -Elevalion: _3594.57"
Filter Pack N 4+~ Filler Pack Top .
7 s . 1 N 1]
Filter Pack Material: ___8-16 Sand 3 ] Depin:_ 200" Elevaion: 3589.57'
Slerilized Sand or Glass Beads i $
#4— Well Casing
Well Screen i ; ST‘YPE{:d' PVC{ —
] e e—— ize {diameler) : _
Top Depth: 2077° i : Schedule or Thickness: _Sch. 40

Top Elevation; _3582,57'
Type of Well Screen: PVe

+——Botllom Cap {Depth: _247! )

)reen Opaning Size: FHE
T 0.020" H Bors Hola Diameter: _9,875"




LOG OF BORING
PROJECT: Amarillo NSWLF BORING NO.: -3
CLIENT: City of Amarillo {OCATION: Amarillo, Texas
Date: 7-19-94 thru 7-26-94 Ground Elevation: 3789571
’ DRILLING METHOD:  Air/Mud Rotary . ; . I .
Wi - a = 2
.| g | u | CROUNDWATER INFORMATION: (Continoug 52 | B | 5 | & | 5| § | ¢ 2 e
§i: 2 /g Core) Auger Drilled to 70' g? 212 § gz 2o 18z
ZBw | = | X {Groundwater encountered at 200’ §§ g x| 81| % § sef |+
DESCRIPTION OF STRATUM = :
7
0 Sandy Clay: Brown, Stiff, Dry(CL) 11,3 33 |14 | 19 G3.7
£ = 2,98 X 1078 cm/sec (R)
5 Saﬁdy.(}lay: Reddish Brown with 10.1 32 115 |17 92:6
Scattered Calcareocus Nodules,
Stiff, Dry (CL)
10 8.2 21 | 8 |13 63,3
Sandy Clay: Tan with a Caliche
Stringer (CL)
™15 ] 8.3 32 |16 |16 55,8
p Sandy Clay: Reddish Tan with
Scattered Calcareous Nodules,
Stiff, Dry (CL)
207 9,8 3L 114 117 1 3.5 P07
|25 ] 8.7 31 (16} 15 0.4
Sandy Clay: Tan with Caliche
Stringers (CL)
oy~ Continued on Page 2
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PROJECT: Amarillo MSWLF

LOG OF BORING

BORING NO.: MW-3
LOCATION: Amarillo, Texas

CLIENT:  City of Amarilloe
Date:  7-19-94 thru 7—-26~04 Ground Elevation: 3789 ,571
DRILLING METHOD: A4r/Mud Rotary " o " = z ;
.. | = | w |crOUNDWATER iINFoRMATION{ Continous | EE 12|21 81 sup|g
=, é g Core) Auger Drilled to 70! §§ 8 % T2 é é §§§ ég
,%’ # | & | & [Groundwater encountered at 200' §§ 3 B g g ¥ 3z | %
"z g 3 g o
DESCRIPTION OF STRATUM R g é
30 /
— 35 ’ 8.2 32 |70 | 12 72.9
Sandy Clay: Reddish Tan with
Scattered Calcareous Nodules
Stiff, Dry {(CL)
[ 40_] gV
e :
— 457 X = 3.45 X 107 cn/sec  (R) 7.6
- 50—
— _
qy ‘
1 . .
01 Continued on Page 3
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LOG OF BORING

PROJECT: . Amarillo MSWLF BORING NO.: My-3

CLIENT:  City of Amarillo LOCATION: Amariile, Texas
bater  7-19-94 thru 7-26-04 Ground Elevation: 37gg.57!
DRILLING METHOD: Air/Mud Rotary N ® e .
: E z g = £ aui g
. = | w | GROUNDWATER INFORMATION{ Continous { Eg s 3 s8] gEE |y
= % g Core) Auger Drilled to 70! gg g g 2 Al ggg H
[- % t 2 & ™
8% = Groundwater. encountered at 200 56 g % 2 g % 25 | =
DESCRIPTION OF STRATUM B = s
60 ./- ) Clayey Sand: Reddish Tan with yi 30 |20 3 10 37
- Scattered Calcarsous Nodules
. Stiff, Dry (S0
; L]
[} . .
1] A
657} . ] 6.9 25 112 113 53.1
—707 7.4 27 116 |31 4,1
Y
] ) '
/
1
]
"?5*/2 : 21-6" {MD 26 119 17 B34.7
N 46-12"
. 50~13"
¥
4
| ¥
807} X 50-1" |MD
/
1
]
—s5 /X 50-3"_|Mp
1 ) R
A
-90—'r/ Continued on Page 4
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LOG OF BORING
PROJECT: Amarillo MSWLF BORING NO.:  MW-3
CUENT:  City of Amarillo LOCATION:  Amarillo, Texas
Date: 7-19-04 thru 7-26~04 Ground Hevation: 3789,57'
DRILLING METHOD: Air/Mud Rotary i # . _
. | 8 | w | GROUNDWATER INFORMATION(Continous | 5 £ 2Bl e8] gs2 |5
E. | 8 | & Core) Auger Drilled to 70 §g 181 E| B2 : T
#W | & | £ | Groundwater encountered at 200' gg é g é A g S8 [=
DESCRIPTION OF STRATUM = z =
90 / Clayey Sand: Light Tan with 50-6" |MD 25 |18 7 31.9
1 Scattered Calcareous Nodules,
/ Stiff (sC)
_QSH/Z 50-4" |MD 26 (19 {7 0.8
L] f [
f 13
—1007, | X 50-5" |MD 21 116 |5 16.L
N [}
t
—1057. /.
A
. 1
110 X 34-6" |MD 23 119 | 4 P8.1
' / 50-8"
1
e Clayey Sand: Reddish Tan with
g y Scattered Calcareous Nodules,
./ Seiff (8o
"115.—“ .
— 126, / Continued on Page 5
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LOG OF BORING
PROJECT: Amarillo MSWLF SORING NO.; MW-3
CLIENT: City of Amarillo . LOCATION: Amarillo, Texas
Date.  7.19-04 thru 7-26-04 Ground Elevation: 3789,57!
DRILLING METHOD: Air/Mud Rotary . £ ] . .
) 2 | w | GROUNDWATER INFORMATION: (Continous| &i E 21 = % E: ggg §g
E & | @ {Core) Auger Drilled to 70' £E B § § = g §~— EH
e = = ' gé ¥ g o ¥ ] §§ 3B
Wiy | = | £ |Groundwater encountered at 200 g5 2 : 2 3 g 3E |3
DESCRIPTION OF STRATUM £ gl ° :
120 V. / 3g-6" |mp 19 |16 | 3 2.8
' So-7"
%
— 1254 /.
[
/.
MV
[}
Y
y S NA - -
— 136, X 38-6" | MD 22 |19 13 22.6
/ 50-7.5"
L Clayey Sand: Reddish Tan with -
1354 ! Scattered Calcarecus Nodules,
/ Stiff (SC)
¥
.
1407 / Z 50-5" | MD 19 116 |3 17,0
]
! [ ]
t
— 14571, g
mlSG—r’a/ Continued on Page 6
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LOSG OF BORING
PROJECT: Amarillo MSWLF BORING NO.. MW-3
CUENT:  City of Amarillo : LOCATION:  Amarillo, Texas
Date:  /—19-94 thru 7-26-04 Ground Elevation: 3789.57
DRILUNG METHOD: Air/Hud Rotary . ¥ - .
.| 3 | w [chounowarer wrorMaTON(Continous | 5 | E [ 2| 2| g | 5 | sz |4
=, | 2 | & [Core) -Auger Drilled to 70' %’ 8 § 2|z E %g"‘f :»;»jg:
g@ | = | £ {Groundvater encountered at 200’ '§§ : 151858 ggé g
DESCRIPTION OF STRATUM SR 2
1501/, 50-6" | MD 19 |16 | 3 15.7
4
, -
L ’ M
— 155 /
i
M)
L3
;
a
]
’ #
— 166+ i Z 50-4" | MD 18 j16 | 2 a1,
(v
/
1]
i
]
[ ]
.
L]
¥
— 165/,
£
#
.
v. ' ~
v Clayey Sand: Reddish Tan with
'/, Scattered Calecareous Nodules
’ Stiff (SC)
etk PA Z 50-4" |MD 19 117 |2 2.1
* 1
]
Fl
'
&
04
17547
*
4
¥
» /1 | Tan Sand: Well Sorted with
, Calcareous Nodules (S¢)
i/,
— 187 .% Continued on Page 7
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LOG OF BORING
PROJECT: Amarillo MSWLF BORING NO.: MW-3
CLENT: City of Amarillo LOCATION: Amarillo, Texas
Da‘te: 7"19"“94 thru ?"26“9& Gr@und eie\raﬁc}n: 3?89 :57;
DRILLING METHOD: Air/Mud Rotary N ® . _
: B 2 g = = o cw g
g | w | GROUNDWATER INFORMATION: (Continous) Eg El sl E]5]% g 2,
= g g Core) Auger Drilled to 707 ‘gg 8 g z 2| £ Egé %g
%’g > | ¥ Proundwater encountered at 200’ 2s E & % 2] 8 858 |3
wE =z Fu n
DESCRIPTION OF STRATUM = 2 3
180 |/ > 045" |MD NP 12.6
¥
'
L ye
¥ '., Tan Sand: Pea Size Caliche
. A | Nodules (5C)
! /s
— 1857, /.
¢
+ 4
Iy
[ H
-
’
4 1
/ :
— 190 /, X 50-5% | MD NP 13.0
./ ;
'
[
L ] R .
| ’
1957 /,
. ¢
* »
]
L
Y &
] ’ )
- 2001, /11 | 50-6" | MD NP 14.1 _f
.
s /,
’
./, :
g
‘/ ;
— 2054 /, 1
", :
f »
r S
rd : »
710V, % Continued on Page 8
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LOG OF BORING
PROJECT: Amarillo MSWLF BORING NO.-  MW-3
CLIENT: City of Amarillo LOCATION: Amarills, Texas
Date:  7-19-94 thru 7-26-04 Ground Elevation:  37§9,57" -
DRILLING METHOD: Air/Mud Rotary 5 £ P ,
. | @ | w | GROUNDWATER INFORMATION{ Continous | Es B g 215 |8 gg?‘: 2y
£l g § Core) Auger Drilled to 70 §§ ‘B RERE g §E§ %g
W e I {Groundwvater encountered at 200' E'»g 2 5 § § g 23 |3
DESCRIPTION OF STRATUM T 12|
21012/ 50-5" |Mp NP 14.9
)
]
[ ]
' *
f ¥
L]
¢’
— 2151/
A
’
¥
¥
[}
T
#
»
*
- 2284 50-4" |MD NP 23.7
4 F
'
£
¥
L
»
¥
¥
¥
— 2251/,
! ’
; ]
'l
L
s
é
—3s '
- 2301/ AX 50-5.5" | D NP
LA
[ ]
’
[
[
] ' .
f Clayey Sand: Tan with Scattered
— 235! /s Calc‘areous Nodules, Stiff (SC)
¢
[
»
r
#
¢
/
'
- 2404 'X Continued on Page 9 cms fee-
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LOG OF BORING

PROJECT: Amarillo MSWLF . BORING NO..  MW-3
CLIENT:  City of Amarillo LOCATION: Amarills, Texas
Date:  7~18-94 thru 7-26-94 Ground Elevation;  3789.57'
DRILLING METHOD: _Air/Mud Rotary . # <
: ; £ E1 28 2] 2] 5| gug |8
R & | w | GROUNDWATER INFORMATIONL Continous 3 g = 2 5 g gg# 3§
£~ | @ | £ Core) Auger Drilled to 70° H S | g {2 : ggg %3
wi | > | < Groundwater encountered at 2007 §§ E g % 2 g ggg |3°
DESCRIPTION OF STRATUM £ 3
50-2.5" MD NP 244

#® T.D, — 245" *
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b Rd e bbb agge e pe s maania




1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-4




-4

Texas Yater Comsission

Jﬁ\. fﬂ@ﬂifﬁi‘ We“ Dafa Sheéf Hunr.cn.pal Solid Waate Divisicon

. . SE 67
Jmittee or Site Name: City:of. Aparillo MSWLF TOH Permit No. © 13
County: ___ Potter Monitor Welt 1.D. No.:__ M4

Date of Monitor Well Instaltation: _ 8-17-94 . Dals of Monitor Well

Monilor Well: Lafitude: N35° 13'41" Longitude: WI02° 00°35" Development: 8-19-94

Moni{or Welt Groundwater . Vionitor Well Driller
Gradient: Upgradient ___ Downgradient X__ Name: Lee Peterson

NOTE: Liconso No.; 3045M

(AYThe information shown in the skeich below should be considered the minimum required for an installed ground-water monitor well.
(B) Report All Depths from Surface Elevation and all Elevations relative to Mean Sea Level.

{C) The minimun distance between the inside wall of the Bore Hole and the outsidz of the Well Casing shall be 37,

(L) Use Flush Screw Joint Casing only, 2" diameter or larger, Recomimend 4° diameter mininrum & Teflon Taping Casing Joinis.

(E} Well development should continue untif water is clear. and pH amd conductivity are stable.

Gonlogist, Hydrolngist or Enginaor Supervising Woll Instaliation: Ray Hamby
Statke Water Loval Elovation (with respect o MSL) aftor Well Dovelopement :__3593,18"
Namu of Goologic Formatian{s) in which Woell is complotod; Ogallala
Type of Locking Device:___Padlock . Type of Gasing Profection: _Upright Well Protector
Congcrete Surace Pad - Recommend steel
reinforcemert in the Surface Pad, _.__.r 4—Top of Protective Collar Elevation: _3750.58"
Surfa i ions:
X By o @ 4————Top 6f Gasing Elavation: 3750. 26"
Aace . - Lo
=lavation: 3?46'881 + s 4"—SUWEy0rS Pin Clevation:
Conerefe Seal i
Depth: _0.0 [ 5
Casing Seal {Backiill) + A
#Malerial: _Bentonite Grout ] [
s s
».ﬂ &
; N 3 +—Benionits Seal Top
Bentoniie Sesl :;E fg" Depih: 131! . Elevation: 3615.88°
Filtar Pack i  +—Fiker Pack Top ' 1
Filler Pack Materal: _8-16 Sand oL Depitid36’ __ Elevation: 3610.88
Slerlized Sand or Glass Beads B F
{l— Well Caslng
Well Scraen :‘r ] Type: PVC i
142! o o— Size (diameter) : __4
Top Depth: 142 i ] Schedute or Thickness: _Sch. 40
Top Elevaiion: 3604 .88 4 :
Type of Well Screen: __PY( i ]
P o EET n Bottom Cap (Depih: _182' )
reen Opening Size: . ’ :
0.020" ¢ % Bora Hole Diameter: __2.875"




LOG OF BORING
PROJECT: Amarillo MSWLF BORING NO.. MW-4
CLIENT: City of Amarille LOCATION: Amarille, Texas
Date: 8-11-94 thru 8-17-9%4 Ground Elevation:  3746.88'
' DRILLING METHOD: Air/Mud Rotary £ . .
B F v, - A g
. | 2 | w | GROUNDWATER INFORMATION: Air Es 1212 8| 3% [Zs
£, % E | drilled to 150' Groundwater gg 8 : E. é E %E’é %%
Wid s § encountered at 155' EE g ; g | %] ¢ 23E |7
DESCRIPTION OF STRATUM b 3
0 ? Sandy Clay: Dark Brown,Dry (CL) 9.2 34 |15 N9 03,8
— 3 Sandy Clay: Reddish Tan _
/ w/Scattered Calcareous Nodules 13-6" 1 8.5 32 115 A7 59,7
/ (B%) Stiff, Dry (CL) 30-12"
/ K = 2.83 X 1077 cn/sec 47-18"
— 10— & 20-6" | 7.2 32 14 18 {2.50 PpL3
? 50-12"
‘15—?2 20-6" | 8.2 3 |14 17 5.3
/ 50-11.5"
B ZO'“/X 42-6" | 7.6 2.25 B36,3
- 25‘“%3 50-5.5") 6.4 k5.5
L 30-—// Continued on Page 2
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LOG OF BORING

BORING NO.; MW-4

PROJECT:  Amarillo MSYLF
CLIENT: City of Amarille LOCATION: Amarillo, Texas
Date; 8-11-94 thru 8~17-94 Ground Elevation: 3746.88°
DRILLING METHOD: Air/Mud Rotary . % . e ‘
| = | w | GROUNDWATER INFORMATION:  Air 3" El Rl 28| et |%s
£, | 8 | £ |drilied to 150" Groundwater | §2 | & | : 3 S| g |
w# | = | X |encountered at 155' 5B g g | 2 2 § ‘%’gé £
_/ DESCRIPTION OF STRATUM £ :
30 // so-6" | 7.4 |30 |19 |11 &.7
/ Caliche: light Tan, Limestone
/ Cap, Very Hard (CL) (R)
— 35—?
- 40"?2 50-1.5" 3.8
/1
OJ P
% Clayey Sand: Reddish Tan
i Scuttered Calcaresus Nodules -
451 Z (10%) Stiff, Dry (SC) 31-6" |6.9 33 |17 {16 44,5
i 010"
)
a2
/
&
?
2
g s
i 1/ X 28-6" [6.1 28 |17 |11 [2.25 |33
ogl -9
2
a
14
&
/s
L
Ly
‘ 55—','02 40-6" [6.9 30 |17 {13 37.3
e 50-7.5"
o 1
'S
F
a F
4
Ly
— 60 ,/ Continued on Page 3
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LOG OF BORING
PROJECT: Amarillo MSWLF BORING NO.: Hi-4
CLENT:  City of Amarille LOCATION: Amarillo, Texas
Date; 8-11-94 thru 8-17-94 Ground Elevation: 3746.88"
DRILLING METHOD:  Air/Mud Rotary ! 2 o= _
. | 8 | = | GROUNDWATER INFORMATION:  Air Eg B2zl 3 g2 |5
§m 2 g drilled to 1507 Groundwater £ 3 g z g : %?g %g
wd | = | £ lencountered at 155’ ;E § % é 2 E 2 |3
DESCRIPTION OF SYRATUM £ 3 =
60 |0 11-16"[5.7 25 |15 [10 6.3
¥ . 4 36_12“
¢/ 50-15"
DO
¢
f ¢
ﬁD
6571/ X 16-6" .4 25 |16 |9 9.4
° 48-12"
[}
8.7 50-12.5'
[ ﬁo
-]
o
2 o
— 704¢ X 50-1.5"
£
I
P4
&
.
v
&
¢
]
/ 2
—?s—a"ﬂ,z 30-6" |4.9 25 |16 |9 31.9
y 50-8,5"
’9
7
4
%
&
£
¥
— SO—%Z 19-6" 5.6 23 |19 |4 27,7
% 50-10.5
pﬂ
. [
2
4
2
/
i
— 85— /; Z 36-6" l4.1 23 114 |9 8.9
2 aa 90-8.5"
&
¢ /e
a2
2 /0
-4
s Su
CTT o% Continued on Page 4
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LOG OF BORING

PROJECT: Amarillo MSWLF BORING NO.: M-4
CLIENT: City of Amarillo LOCATION: Amarillo, Texas

Date: 8-11-94 thru 8-17-94 Ground Elevation: 3746.88°

DRILLING METHOD: Air/Mud Rotary

GROUNDWATER INFORMATION: Air
drilled to 150° Groundwater

encountered at 155!
DESCRIPTION OF STRATUM

DEPTH
FEET
SYMBOL
SAMPLE
DRY DENSITY, PCF
LIQUID LIMFT, LL
PLASTIC LIMAIT, PL.
LNGONFINED
COMPRESSIVE
STRENGTH, T5¢
5% PASSING NO.
200 Sieve

SPT DLOAYS £ §T
PENETROMETER TSF
MOISTURE CONTENT, %

vs] PLASTICITY SNOEX, P

[ne)
Rl
[
[=.
&
il

50-6"13.7

b3

=

0
=)
bmh.g
=
<

o

35-6"{4.3 22 {15 (7 27,7
50-6.5

1
w
b
i
Ny m BN Ny T
(- W T W T V- T - I W .Y
L N W W S

b
=]
-

37-6"3.3 23 18! 5 1
507,54

L=

5

1007

Clayey Sand: Reddish Tan
w/Scattered Calcareous
Nodules(10%) Stiff, Dry (SO

L
=

ty

-
b

-

[~
-

1057

-

L~Y
AN
h-J

BN g\ S
o o LY
Ny

— 116+

L3
-
S

50-5.5'1 3.0 3.5 4.5

-

b5

Sh R~ S
LY
TN o

w
T

— 115

\\“ >
TONOBONT N BN Sy
o n P o

N

[
AN
RS

A Y

—~ 1 26+ Continued on Page 5
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LOG OF BORING

PROJECT:  Amarillo MEWLF BORING NO.:  MiW-4
CLIENT: City of Amarillo LOCATION: Amarillo, Texas

Date: 8-11-04 thru 8-17-94 Ground Elevation: 3746.88'

DRILLING METHOD: Air/Mad Rotary

GROUNDWATER INFORMATION:  Air
drilled to 150' Groundwater
encountered at 1557

DESCRIPTION OF STRATUM

% PASSING MO,
200 3IEVE

STREMGIH, TS

MASTIC LI, PL
CRICONFNED
COMPRESSIVE

DEPTH,
FEET
SAMPLE

ORY DENSITY, #CF
LIQUIO-LIMIT, 1L

Ford
| %)
[
-9 @ N
N SYMBOL

SPTALOWS / FT
PENETROMETER TSF
MOISTURE CONTENT,
PLASTICITY INDEX, i

6.3

e
=~
L]
[ ¥,]

50-5"

-
-

X

o
-
—

L1251

L™

50-6"12.7 19 1 15| 4 17.7

<]

1307

L3
L~

L]

SRR

— 1353

L]

L~ 3
<

wh N oh g
L -9 Y
LA S

-

50-5.5"]3.1 HP 19,3

1
ot
X

i

Qo
NS
N

LN
LY
-

e

©
-

-

o

SBand: Tan, Fine Grain
w/Scattered Pea Gravel (SC) *

e 145

-
- o
-

L9

~

L
LS = &
o w, = o LA

LY

L

— 15 Continued on Page 6
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LOG OF BORING
PROJECT:  Amarillo MSWLF . EORING NO.:  MW—4
CLIENT: City of Amarillo LOCATION: Amarille, Texas
Date: 8-11-94 thru 8-17-94 Ground Elevation: 3746.88"
DRILLING METHOD: Air/Mud Rotary . =, . _
. = | w | GROUNDWATER [NFORMATION: Air 3 ElE 2| 28| gyt |2
E{; % £ |drilled to 150 Groundwater " §§ 8 § § : g §§§ ,%g
@@ | = | X jencountered at 155° ;E g g 2] %] ¢ 23 |27
DESCRIPTION OF STRATUM ¥ LA H
150 / K = 8.34 X 107> cn/sec 23-6" |MD 4.1
L
.
vl Sand: Tan w/Pea Size Calcarecus
2 /] |Nodules(15%) Well Sorted (SC)(R)
El
[
P ,
15517
%
<o
b
K
4
Y f
o
% -]
16017 21X 50-3" [MD NP 1S,
o e
[
A : g
#+ . 2
2%
16547 ¢
L
¢
7
s 7]
7
4 &
] g A
"l?O—yX Sand: Tan w/Scattered Calcareous| 45-§" |MD D1.53
a“: Nodules(10Z) Well Sorted (SC) 065"
54
aﬁ
)
' fp
I‘
1757
% -
”’ ‘d
& y o
4
- o
— 186 -'% Continued on Page 7
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LOG OF BORING

PROJECT. Amarillo MSWLF BORING NO.: MW-4
CLIENT. - City of Amarillo LOCATION:  Amarillo, Texas
Date: 8-11-94 thru 8-17-%4 Ground Elevation; 3746.88'
DRILUNG METHOD: _Aix/Mud Rotary . 0 . .
~ | ., | GROUNDWATER INFORMATION:  Air £k Bl 2| 2] 8] gst |2
- ) : S t gm - u_a{
in—':_,__ % § [drilled to 150' Groundwater g%’ g 2 3 5 § EEE %‘é‘
& | = | Z lencountered at 155' ik E | & g 212 23 |E7
DESCRIPTION OF STRATUM = g :
180 [/ A X|Sand: Reddish Tan w/Scattered 50-5" | MD 22 |20 |NP 13.1
[Calcarsons Noduleg (8CY
+ 7.0~ 1800 #

(7

TMESS-PHIFRSE TFSIRG [ARARRIORY ¥

D e T P SO




1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-5




MW=-5

Texas Water Commizsion

A MOH_HOT Well Data Sheet "Municipal Solid Waste Division

.- )rmittee or Site Name: _City of Amarillo MSWLF TOH Parmil No. - I
County: - Fotter Monitor Well 1.D. No.:Hi=5
Date of Monitor Well installation: 8-20-94 Data of Monitor Well
Monitor Well: Lafitude:N35° 14'09"  Longilude: Wi02° 00'44" Developmant: 8-22-04
Monitor Well Groundwater ) . Manier Woll Drillar

Gradient: Upgradient-XX_ Dowrigradienth;_ ' Namo: Lee Petersonp
NOTE; Liconsa No.:_ 3045M

(A)YThe information shown in Ihe skeich below should be eonsidered the minimumn required for an installed ground-water monitor well,
(B) chort All Depths from Surface Elevation and all Elevations relative to Mean Sea Level.
{C) The minimun distance between the ingide wall of the Bore Hole and tha outside of the Well Casing shall be 3%,
(D) Use Flush Screw Joint Casu-:g only, 2" dismeter or larger. Recommend 4° diameter minimium & Teflon Taping Casing Joints.
. (E) Well development shonld continue untl water is cleir: and pH ahd conductmty are stable,
Goologist, Hydrologist or Engineor Suparvising Wall Installation: __Ray Hamby
Statie Water Lavol Elevation {with respoct to MSL} afior Woll Devolopement :_3610,14"

Namau of Geologic Formation(s} In which Woll is comploted;__ Ogallala

‘ocki ien* dlock . ) . s .
Type of Locking Device:__ Pa oc‘ Type of Casing Proleclion: Upright Well Protector
Concrele Surface Pad - Recommend steel ) '
reinforcement inthe Stiace Pad. 2 ¢——Top of Proleclive Colfar Elevation: _3737.75"
Surface Pad D
’ % L;( 6nmensnops % 4 Top of Casing Elgvatilon: 3737.39!
EE—;’&Z’;& n: 3736, 66" ot +——— Surveyor's Pin Elevation:
Concrele Seal :
Depth: ___0.0 — [ |
Casing Seal (Backdilf) +11 A
Materal: _Bentonite Grout S 4
g \
. ] - 71¥—Benfonite Seal Top
Bentonite Seal * e é " Depth 75¢ Elevation: 3661, 64"
Filter Pack '“‘ 14— Fiter Pack Top
Filler Pack Material: _8-16 _Sand B Depih: 80 Elevation: 3636.64"
Slenfized Sand or Glass Beads | )
{ Well Casing
Well Screen § 1 Typer  PVC
- . gs! = g Size (diameter) : __ 4"
op Depth:__ 52 : ; Schedule or Thickness: _Sch. 40
Top Elevation: 3651.64’ i : :
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LOG OF BORING
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LGG OF BORING
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LOG OF BORING
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LOG OF BORING
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LOG OF BORING
PROJECT: Amarillo MSWLF BORING NO.: Mi-5
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Texas Water Commizsion

A. MGF‘?E'{OF’ We” Data Sheet Hunicipal Solid #Waste Divizieon

- SE 81
}*niﬁee or St Nams: City of Amarillo MSWLF ' TOH Peﬁ‘nﬂ- No.: 73 '

ounty: _Potter - Monitor Well 1.D. No.;_HH-6

Date of Monitor Weli Instahaﬁo.n: 8-18-94 - Data of Moritor Well

Monitor Well: Lafltude:N35% 14'07"  Longitude: W202° 01:'23" ‘ Development; __ 8-19-94

Monitor Well Groundwater . Monitor Woll Drillor
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(E} Well development should continues umil water is cler. and pH and condoctivity are stabla.
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LOG OF BORING
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1.0 GENERAL

This section includes the Closure Cost Estimate (Table II1.8.1) and Post-Closure Cost Estimate
(Table 111.8.2) for the City of Amarillo Landfill.

1.1 Financial Assurance

In order to address financial assurance requirements, the City of Amarillo will submit
documentation to verify its compliance with Chapter 37, Subchapter R: Financial Assurance for
Municipal Solid Waste Facilities upon receipt of this amendment. The combined cost of closure
and post-closure is $12,645,053. This cost estimate is based upon Year 2005 dollars (escalated
by 5% per annum to 2008) and provision of service by a third party. The unit costs used are
based on previous projects in the area. This estimate also assumes that the largest landfill area
that would require final cover at one time is 526 acres. The City has built cells in approximately
10 acre phases. Worst case scenario is for final closure of the entire site (526 acres) with 70 feet

of depth for a 10 acre phase needing filling to maintain drainage.

Post-closure care estimates include activities associated with the entire site.

City of Amarillo — Part III, Attachment 8 1 HDR Engineering, Inc.
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Table II1.8.1: Closure Costs

City of Amarillo Solid Waste Disposal Facility

MSW Permit No. 73A
Item Quantity Unit | Unit Cost | Total

Engineering

Topo Survey 1 LS* $7,500 $7,500

Boundary Survey 40 HR $80 $3,200

Site Evaluation and Development of Plans 1 LS $25,000 $25,000

Closure Plan 1 LS $10,000 $10,000

Construction Observation/Testing 400 HR $75 $30,000
Subtotal $75,700
Contingency 20% $15,140
Total Engineering $90,840
Construction

Plug and Abandon Wells 22 EA $8,000 $176,000

Plug and Abandon Piezometers 5 EA $5,000 $25,000

Fill to grade 1,129,333 CY $2.00 $2,258,667

Infiltration Layer (12 inches)

Placing/grading/compaction 848,013 CYy $1.50 $1,272,020
Erosion/Vegetative Layer (24 inches) 1,697,227 CY $1.50 $2,545,840
Vegetation 526 | ACRE $1,000.00 $526,000
Backfill/grading/drainage 1 LS $100,000.00 $100,000
Methane Gas Control Wells 10 EA $1,000.00 $10,000

Subtotal $6,913,526
Contingency 20% $1,382,705
Total Construction $8,296,231
Total Closure Costs (2005) $8,387,071
5% increase for 2006 $8,806,425
5% increase for 2007 $9,246,746
5% increase for 2008 $9,700,084

*LS = Lump Sum
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Table II1.8.2: Post-Closure Care Costs
City of Amarillo Solid Waste Disposal Facility
MSW Permit No. 73A

Description | Quantity | Unit | Unit Costs I Total Costs
One-Time Costs
Site Post-Closure Plan Update 1 LS* | § 15,000 $15,000
Contingency 20% $3,000
Subtotal $18,000
Annual Costs
Site Inspections and Report 40 HR | § 80 $3,200
Correctional Plans & Specs 1 LS $ 3,500 $3,500
Site Monitoring Groundwater Wells**** 22 EA $ 1,250 $27,500
Site Monitoring Gas Probes 20 EA $ 50 $1,000
Maintenance™** 1 LS $ 34,750 $34,750
Subtotal Annual Cost $69,950
Contingency 20% $13,990
Total Annual Costs $83,940
30-year Post-Closure Total***(2005) $2,536,200
5% increase for 2006 $2,663,010
5% increase for 2007 $2,796,161
5% increase for 2008 $2,935,969

* Lump Sum
ok

Maintenance may include leachate pumps, leachate collection system repairs, electrical, mowing, gate/fence repair,

erosion and access control, surface water control, seeding, monitor well maintenance, and methane gas system

repairs. See Table below.
sk

30-year Post-Closure Total includes the entire project site.

*kkx - Site Monitoring assumed semi-annual and includes wells and probes around the entire site.

Total Estimated Closure and Post-Closure Costs

$12,645,053

Itemized Maintenance Costs

Description Quantity | Unit Unit Costs Total Costs

Leachate Pumps 1 EA $2,750 $2,750
Leachate Collection System 1 YR $1,000 $1,000
Electrical 1 YR $500 $500
Mowing 526 AC $50 $26,300
Gate/fence Repair 1 YR $500 $500
];;gziﬁ; and Access Control, Surface Water Control, 1 YR $1,000 $1,000
Monitor Well Maintenance & Pump Replacement 1 EA $2,500 $2,500
Methane Gas System Repairs 20 EA $10 $200

Subtotal Annual Cost $34,750
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1.0 INTRODUCTION

This groundwater sampling and analysis plan (GWSAP) addresses the grdundwater monitoring
and sampling program to be implemented at the City of Amarillo's Municipal Solid Waste
Landfill (MSWLF). The GWSAP is required by the Texas Commission on Environmental
Quality (TCEQ) Municipal Solid Waste Regulations and will meet the requirements of Title 30
Texas Administrative Code, Subchapter F “Analytical Quality Assurance and Quality Control”
and Subchapter J “Groundwater Mounitoring and Corrective Action.” Once approved by thé

TCEQ, this GWSAP will become part of the site operating record.

2.0 BACKGROUND SAMPLING

Background groundwater quality shall be established for monitored constituents by collecting
groundwater samples quarterly and analyzing the samples for the detection monitoring or
assessment monitoring constituents. Background sampling for inorganic and volatile organic
detection monitoring constituents shall be conducted quarterly for a two-year period {a total of
eight (8) sampling events]. This will allow the collection of groundwater data over the different
seasons of the year, which should demonstrate thé effects that seasonal and temporal changes

may have on groundwater quality.

As described in Section 4.2, background determinations will be required if Appendix II
constituents are detected at quantifiable concentrations during the initial assessment monitoring
event. Background sampling for assessment monitoring constituents shall be conducted

quarterly for 1 to 2 years [a total of four (4) to eight (8) samples].

If additional samples are needed for the statistical analysis of either detection or assessment

monitoring constituents, they will be collected no closer than 30 days apart.

At the conclusion of the background monitoring period for either detection or assessment

monitoring, all the resuits will be thoroughly reviewed, and a statistical evaluation of the
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background monitoring shall be performed as described in Section 7 to determine the

background limits for each constituent.

The background concentrations of monitored constituents may be reviewed and updated every
two years by applying statistical methods described in Section 7 to data collected in the period
following the last update. Revision of background may be performed after receiving written

permission from TCEQ.

3.0 DETECTION MONITORING

Detection monitoring is the routine, periodic sampling that is conducted for purposes of‘detecting
a release relative to certain constituents. Regulations pertaining to Detection Monitoring are
codified at 30 TAC §330.407

3.1 Constituents

The constituents to be analyzed during the detection monitoring program are listed in Table 11.1.
At the request of the TCEQ (formerly the Texas Natural Resource Conservation Commission
[TNRCC]) during the initial preparation of this GWSAP, total alkalinity was substituted for
antimony, total dissolved solids for beryllium, dissolved iron for thallium, and dissolved
manganese for vanadium. In addition, ammonia was also added to the constituents to be
analyzed. The list of constituents includes 16 inorganics and 47 organics. The test methods to be
used for the constituents listed are presented in Table 11.2. If at a later date, the City determines
that any of these constituents are not being detected and are not expected to originate from the
waste contained in the MSWLF unit, the City may request a modification to the GWSAP for the

deletion, substitution, and/or addition of other constituents.

3.2  Frequency of Monitoring

Monitoring for the detection monitoring constituents will occur semiannually during the active
life of the MSWLF unit and the closure and post-closure care period, unless an alternate schedule

is approved by the Executive Director.
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3.3  Statistically Significant Increases Above Background

The determination of and responses to Statistically Significant Increases (SSIs) shall comply
with 30 TAC §407(b). A summary of this rule is follows.

Detection monitoring data shall be evaluated for indications of potential landfill releases by
comparing the sampling data with background concentrations for monitored constituents within
60 days after the end of each sampling event. A statistically significant increase (SSI) occurs
when the concentration of a monitored constituent is higher than its background concentration.
The TCEQ and any local pollution control agencies with jurisdiction must be notified within 14

days of this initial determination.

If an SSI is identified, field and laboratory quality control data should be examined. The
occurrence of the constituent in laboratory blanks or failure to meet other laboratory quality
control standards may suggest that analytical conditions contributed to the SSI and that re-
analysis of the sample may be required. The occutrence of a constituent in field quality control
samples may suggest field cross contamination or environmental sampling conditions which may

require re-sampling.

An SSI may be confirmed by collecting a verification sample from the affected well.
Verification sampling may be repeated for the affected well as long as all such sampling is

completed within 60 days of the initial determination.

If there is evidence that a source other than the landfill caused an SSI, or that én SSI resulted
from error in Sampling, analysis, statistical evaluation, or natural variation in groundwater
quality, then an alternate source demonstration report providing documentation to this effect may
be submitted. The Landfifl shall notify the TCEQ and any local pollution agency of the intent to
perform an alternate source demonstration within 14 days of identifying an SSI. The report must

be prepared and certified by a qualified groundwater scientist and submitted to the TCEQ within

City of Amarillo — Part HI, Attachment 11 3 Kleinfelder
Landfill Permit Amendment Application Tuly 2009
93651/ WACSR045 Revised




90 days of the initial determination of the SSI. Samples collected for the alternate source

demonstration shall not be filtered.

If an SSI is confirmed, or if a satisfactory alternate source demenstration is not made, a record

shalt be placed in the site operating record, and Assessment Monitoring shall be initiated. .

3.4  Detection Monitoring Reports

An annual report documenting detection monitoring activities shall be submitted to the TCEQ

within 90 days following the last groundwater monitoring event of the calendar year.

This report shall include the following information determined since the last groundwater

: monitoring report.

¢ The results of groundwater monitoring, testing, and aralysis obtained under requirements
of the permit, including a summary of monitoring analyses together with graphs or
drawings, as appropriate {Data may be summarized on form TCEQ-0312, Appendix
11A),

o A summary of background water quality values, presentation of statistical calculations, a
statement as to whether an SSI over background occurred during the monitoring period,
and the status of any related verification sampling events or alternate source
demonstrations; |

e A contour map of piezometric elevations in the uppermost aquifer based on concurrent
measurements, together with data or documentation used to prepare the map;

e The calculated groundwater flow rate and direction using data collected during the report
period, including documentation of all information used to make this calculation.

¢ Recommendations for changes;

e Other information requested by the TCEQ.
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3.5  Program Modification

If the Landfill determines that the Detection Monitoring Program no longer satisfies the
requirements of Title 30 Texas Administrative Code Section 330.407, then within 90 days of the
determination, the Landfill shall submit an application for a permit amendment or modification

to make appropriate changes to the program.

4,0 ASSESSMENT MONITORING

Assessment monitoring is triggered when a statistically significant increase (SSI) in one or more
detection monitoring constituents has been confirmed by 1 or more verification sampling cvents,
or cannot be rejected by an alternate source demonstration. Assessment monitoring will be

conducted in accordance with 30 TAC §409.

4.1 Regulatory Summary

The requirements for Assessment Monitoring are codified at 30 TAC §330.409 as follows:

) §330.409 (a) and (b) establish the assessment program,

e §330.409 (c) specifies a basis for modifying the frequency of sampling the full set of
Appendix II constituents; |

o §330.409 (d) establishes a semiannual monitoring program for detected Appendix II
constituents and requires determining background values and groundwater protection
standards;

o §330.409 (e) establishes the basis for discontinuing assessment monitoring;

o §330.409 (f) establishes the basis for continuing assessment monitoring,

e §330.409 (g) specifies actions to be taken when the gréundwater protection standard is
exceeded;

e §330.409 (h), (i) and (j) specify how groundwater protection standards are determined;

o §330.409 (k) specifies the requirements for the annual assessment monitoring report.

City of Amarillo — Part 111, Attachment 11 5 Kleinfelder
Landfill Permit Amendment Application July 2009
93651/WACER045 Revised




4.2  Implementation

If an SSI has occurred, the Landfill shall immediately place a notice in the Site Operating
Record. An assessment monitoring program shall be initiated within 90 days of the notifying the
TCEQ that an SSI has occurred. The entire groundwater monitoring system, i.e. all monitor
wells, or an approved subset of wells, shall be sampled and analyzed for aill constituents listed in
40 CFR 258 Appendix II (effective July 14, 2005)[hereafier, EPA Appendix II].

After the initial sampling, the TCEQ may be petitioned to authorize a reduced subset of wells to
be sampled and analyzed for EPA Appendix TI constituents, and/or to authorize an alternate

sampling frequency.

If EPA Appendix II constituents are detected at quantifiable concentrations in point of
compliance wells at the inttial sampling, then
s Implement monitoring for detected constituents on at }eaét a semi-annual basis. These
results shall be reported to TCEQ within 60 days after each sampling event.
e Establish background concentrations for the detected EPA Appendix II constituents using
4 to 8 background samples collected from the upgradient well(s), using statistical
methods described in Section 7.
¢ Dstablish groundwater protection standards for each EPA Appendix II constituent
detected in point of compliance wells in accordance with §409(h) or §409(i) or §409().

Detected EPA Appendix II constituents shall be added to the detection monitoring list and shall
be sampled and analyzed on a semiannual basis. Annually, however, the wells shall be sampled
for all EPA Appendix II constituents, unless the frequency is modified in accordance with
§330.409 (c).

43  Exceeding Groundwater Protection Standard

If the groundwater protection standard is exceeded, the City of Amarillo or the landfill operatbr

shall install additional monitor wells as necessary, including at least one additional monitor well
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between the next adjacent monitor wells along the point of compliance before the next sampling

event. These wells shall be sampled at the next assessment monitoring sampling event.

If contaminants have migrated offsite, the owner/operator shall notify owners and occupants of

land overlying the contaminant plume.

The City of Amarillo or landfill operator shall initiate assessment of corrective measures in

accordance with 30 TAC §330.411 within 90 days of notice to the TCEQ.

4.4  Assessment Monitoring Reports

Assessment monitoring results must be submitted to the TCEQ within 60 days after each

sampling event,

Not later than 60 days after a sampling event, the owner/operator shall determine if any EPA
Appendix II constituents were detected at concentrations above the groundwater protection
standard. If so, TCEQ and appropriate local agencies must be notified within 7 days of this

determination.

An annual report shall be submitted within 60 days after the second semiannual sampling event
each year. This report shall contain the following elements:
» A statement whether the groundwater protection standard has been exceeded;
¢ Groundwater monitoring data, including laboratory analyses, water level measurements,
summaries of background values and analytical data, and as appropriate, statistical
calculations, graphs and drawings;
¢ A contour map of the piezometric water levels in the uppermost aquifer;
¢ The groundwater flow rate and directions;
+ Recommended changes;

o Other information requested by the TCEQ.
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4.5  Termination of Assessment Monitoring Program

If detected EPA Appendix IT constituents are shown to be at or below background concentrations
for two successive sampling events, TCEQ shall be notified with a request to resume detection

monitoring.

5.0 SAMPLING PROTOCOL
5.1  Groundwater Elevation Monitoring and Well Inspection

Prior to purging and sampling, all groundwater monitor wells will be measured for depth to
water and total depth. To minimize the potential effects of water level fluctuation across the site,
the water levels in all the monitor wells will be measured first, then they will be purged and
sampled. During water level measurement events, each well will be inspected for damage to the
well casing, protective cover, lock, well cap, and concrete pad. In addition, the ground surface
around the well pads will be inspected for erosion. If any problems are discovered, they will be

addressed and the appropriate corrective action(s) will be rendered as soon as practicable.

Groundwater level meaéurements will be collected using an electric well sounder with a tape
marked in 1-foot increments with intermediate intervals marked in 0.01 foot. The groundwater
level measurement will be recorded to the nearest 0.01 foot from an established survey mark on
toﬁ of the monitor well casing. When a measurement is collected, the electric well sounder will
be raised and lowered two to three times to be sure the correct reading is read off the tape
measure. Water level measurements collected for each event will be recorded on the
Groundwater Sampling Report form (Form TCEQ-0312) or other form required by the TCEQ
{Appendix 11A).

52  Quality Assurance and Quality Control of Field Measurements

During each water level measurement event, the current measurements will be compared to the
readings recorded from the previous event, It is anticipated that the water levels in this area of

Texas should be fairly consistent for each monitor event. If an obvious discrepancy is
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encountered, the water level will be measured again to ensure the measurement was recorded

correctly.

Prior to collecting water level measurements, the electric sounder will be checked for damage,
including bends or kinks in the tape. To maintain consistency and precision, the same electric

well sounder will be used during each measuring event.

Prior to conducting the well purging activities, the pH and conductivity meters will be calibrated.
Calibration of the instruments will be in accordance with the manufacturer's procedures for the
particular instrument. At a minimum, the pH meter will be calibrated using standard calibration
solutions consisting of an acidic solution (pH < 7), basic solution (pH > 7), and a neutral solution
{pH = 7). The conductivity meter will be calibrated using standard solutions as recommended or

supplied by the manufacturer.

5.3  Groundwater Sample Collection

5.3.1 Well Purging and Decontamination Procedures

Prior to each sampling event, the groundwater level in each well and the total well depth will be
measured as described in Section 5.1. The volume of water to be removed fron} the well will be
calculated based on well casing volume. The wells will be purged of at least 3 well casing
volumes before collecting a groundwater sample. During purging, temperature, conductivity, and
pH will be measured in a separate glass, stainless steel container or flow cell. The parameters
will continue to be recorded throughout the entire purging of the well and until the feadings
stabilize and/or the required well volume of water is removed. Welis that dewater prior to
achieving the 3 well casing volumes will be evacuated until dry then allowed to recharge before
collecting a groundwater sample. For slowly recovering wells, a sample will be collected as soon
as practicable to reduce the péteﬁtial of volatilization in the well casing. Monitor wells that have
not sufficiently recovered after 7 days will be considered dry and not sampled. The
recommended recovery is 75% of the ﬁre—purging water level. However, the sampler(s) may
coltect samples from a well with less recovery provided that the water level sufficient to supply

the réquired sample volume from the dedicated sampling system, and provided that, in their
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professional judgment, the recovery represents fresh formation water as opposed to filter pack
drainage. For monitor wells that recharge quickly, a sample will be collected within 24-hours
following purging. The calcﬁlated and actual purge volume achieved as well as the field
parameters will be recorded on the Groundwater Sampling Report form (Form TCEQ-0312,
Appendix 11A), or other form acceptable to the TCEQ.

The method of well purging will consist of using dedicated submersible pumps installed in the
well casings. The pump intake will be set approximately halfway into the water column in the
well casing. The discharge rate on the pump will be regulated to allow no more than 1-foot of
drawdown for wells that can sustain continuous pumping without dewatering. This procedure
will minimize any cascading effects that may volatilize constituents in the groundwater entering
the well casing and will also minimize agitating any residual sediment that is in the bottom of the
well. If the pump system fails, then the monitor well will be purged with a dedicated PVC or
stainless steel bailer or back up submersible pump. If a bailer is used, a development rig will be
used to raise and lower the bailer. The bailer will be of sufficient size in order to efficiently
purge the well. The bailer will be lowered gently into the well casing and only submerged in the
upper half of the water column during purging. The bailer will not be lowered to the bottom of
the well, This procedure should minimize agitating any residual sediment that has collected in
the bottom of the well. In the event bailers are used, care will be taken to prevent the bailer from
coming into contact with the ground or potential contaminants that could be introduced into the
well. Any non-dedicated equipment used with the development rig including the cable to raise
and the lower the bailer, will be decontaminated between wells to avoid potential cross

contamination,

The monitor wells will be purged in order from the well with the maximum groundwater
elevation to the well with the minimum groundwater elevation, unless historical analytical data
indicates the presence of volatile organic constituents (VOC) to be tested. If groundwater
contains VOCs, then the order of purging and sampling will proceed from the well with the

minimum to maximum VOC concentrations.
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Prior to beginning each sample event and between wells, all non-dedicated equipment including
the electric well sounder will be decontaminated thoroughly to minimize the potential for cross
contamination. For non-dedicated submersible pumps, the decontamination procedures will
consist of pumping a nonphosphatic detergent or solution with potable water through the pump
system, Then the pump equipment will be flushed with potable water and cleaned a second time
with the decontamination solution. Following the second cleaning, the pump equipment will be
rinsed with potable water and given a final rinse with deionized water. If non-dedicated bailers

are used, the same decontamination procedures will be used.

During the purging operations, a record of the climatic conditions, condition of the wells and
surrounding ground surface, water turbidity, color, odors, water level, depth of well and purge
rate will be maintained and recorded on the Groundwater Sampling Report form (Appendix
11A), or other form acceptable to the TCEQ. Additional sheets will be attached if necessary. The
information will be recorded in ink and a copy of the information will remain on site at the

landfill office and will become part of the site operating record.

5.3.2 Groundwater Sample Collection and Handling Procedures

During groundwater collection, disposable latex gloves will be worn to minimize cross
contamination of samples and to reduce the possibility of coming into contact with groundwater
containing VOCs. Prior to collecting a groundwater sample, the monitor wells will be purged of
groundwater as described in Section 5.3.1. Purge water will be handled as discussed in Section
5.6, The monitor wells will be sampled in the same order they are purged. Samples will be
collected within 24-hours following purging, but typicaily the day of the purging activities. For
slowly recharging wells, samples will be collected when sufficient water is present to fill the
appropriate number of containers. If sufficient recharge does not occur within 7 days following
purging, then the well will be considered dry and samples will not be collected. A notation will
be recorded in the site operating plan explaining why the well(s) was not sampled.
Recommended sample containers, preservation, and holding times for the analyses listed in this

GWSAP are presented in Table 11.3. The sample containers will be filled in the following order:
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1) VOCs,
2} semi-volatiles or other organics, if collected,
3} total metals and dissolved constituents, and

4) otherinorganics.

Samples will not be filtered in the field. In the case of analysis for dissolved constituents, the
sample will be filtered in the laboratory using a 0.45u membrane filter and will be preserved with

an appropriate acid such as nitric acid.

The samples will either be collected off the pump discharge or decanted from the bottom of the
bailers, if used. The containers for the VOCs will be tilted slightly during the filling process so
that the water runs down the inside of the container. If a‘pum'p is used, the pump discharge will
be regulated at the time of sampling so as to maintain a slow enough discharge rate as possible to
minimize cascading and volatilization as the sample containers are being filled. Once the
discharge rate is set for sampling, it will be maintained at that rate for a few minutes so that the
sample collected will not be from the period of time when the pump was operating at a higher
discharge rate. The sample containers will be held as close to the pump discharge as possible
without touching to minimize the loss of volatiles. If bailers are used, the sample will be
decanted from the bottom of the bailer using a stop-cock to regulate flow. Once the sampling

program is initiated, the samples will be collected by the same method throughout the program.

Following the filling of each sample container, they will be labeled with the well number, date
and time collected, preservatives used, analyses to be performed, and sampler's initials. The
containers will be placed in zip-locked plastic bags. In addition, immediately after the sample is
collected, the temperature, pH, and conductivity will be measured again in either a glass or
 stainless steel container or flow cell. The sample containers for each well will include as a
minimum, two-40 milliliter VOA. glass vials with Teflon® septa screw caps for volatile organic
constituents (VOC), two-1 liter glass bottles for metals, and one-1 quart glass bottle with
Teflon® septa screw caps for inorganic and semi-volatile constituents. Sample containers for

VOCs (i.e., VOAs and quart glass bottles) will be completely filled and sealed carefully to
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prevent air bubbles. To check for air bubbles, invert the sample container and lightly shake it. If
an air bubble is present, then the sample will be discarded and the sample will be collected again.

All other sample containers for non VOCs will be filled as completely as possible.

Once the samples have been properly sealed and labeled as described above, they will be
recorded on a Chain-of-Custody (COC), signed and dated by the sampling technician(s). An
example of a typical COC is presented in Appendix 11B. The COC will accompany the samples
to the laboratory the same day they are collected. The readings for temperature, conductivity, and
pH will be submitted to the laboratory with the samples. The samples will be placed in a plastic
ice chest (similar to an igloo ice chest) with ice, and will be maintained as close as possible to 4
degrees centigrade until the analyses are performed. Precautions will be taken to secure the
samples in the ice chest to prevent them from breaking during transport. The samples will be
delivered to the laboratory as soon as possible, generally the same day they are collected,
therefore it will not be necessary to preserve the samples in the field, except samples coliected
for dissolved constituent analyses. Any samples, other than the samples collected for dissolved
constituent analyses, requiring overnight transport to the laboratory will be collected in pre-

preserved sample bottles prepared and provided by the laboratory.

5.4  Quality Assurance and Quality Control Samples

To provide screening of field procedures, additional samples will be collected. A trip blank will
be prepared by the laboratory and will also accompany the sample containers and collected
samples to and from the laboratory. The trip blank will consist of filling two-40 milliliter VOA
vials with appropriate liquid designated by the laboratory performing the analyses. The purpose
of the trip blank is to assess whether any of the sample containers or collected samples have been
impacted before or during sampling. At least one trip blank will be prepared for each shipment of
sample containers. The equipment and trip blank samples will be handled in a similar fashion as
the other samples and will be analyzed for VOCs. On occasion, blind duplicate samples will be
collected to assess the precision of the sampling and laboratory methods. If duplicates are
collected, the duplicate sample will be collected from the same bailer water as was used to fill

the original sample.
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Duplicate samples should not be collected off the pump discharge. If needed, additional samples
can be obtained with a bailer for the purpose of collecting duplicate samples. Thé duplicate
sample should be collected from the same bailer water used to fill the original sample containers.
The blind samples will usually be collected from well(s) with the maximum concentrations of
VOCs. When a blind sample is collected, it will be bandled in a similar fashion as the other
samples, but will be labeled in such a way that the laboratory does not know which sample is the

duplicate for QA/QC purposes.

55  Sampling in Adverse Weather Conditions

Sampling of the monitor wells will not be permitted during inclement weather, sandstorms, or
during periods when the temperature drops below freezing. Caution should be taken when the

temperature exceeds 100 degrees Fahrenheit.

5.6  Purge Water Handling Procedures

Purge and decontaminated water will be collected in approved Department of Transportation
(DOT) 55-gallon drums and stored onsite for subsequent disposal. The analytical data will be
reviewed to determine the proper disposal procedures. If needed, the TCEQ will be consulted to
assist in assessing proper disposal procedures. Purge and decontaminated water will be disposed

at an approved licensed facility.

6.0 ANALYTICAL TESTING
6.1  Laboratory Performing the Analyses

Analysis of landfill samples will be performed by either a NELAC accredited environmental
testing laboratory, or a non-accredited, in-house environmental testing laboratory meeting
requirements of 30 TAC §25.1(9) and §25.6. Presently, samples are analyzed by an in-house
laboratory, owned and operated by the City of Amarillo, which provides data only to City

departments for environmental compliance and enforcement, and for permits or authorizations
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issued to the City. In the event that the in-house laboratory ceases to qualify for the exception
under 30 TAC §25.6, then the City will use a NELAC-accredited laboratory having fields of

accreditation for the matrix, methods and analytes used for the landfill’s monitoring program.

6.2  Laboratory Procedures

The laboratory will analyze samples according to methods specified in “Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods” (U. S. Environmental Protection Agency
Publication Number SW-846), 3™ Edition, September 1986, as revised or updated, or by other
equivalent or better methods accepted by the TCEQ.

The PQL is defined as the lowest concentration reliably achieved within specified limits of
precision and accuracy during routine laboratory operating conditions and is analogous to the
limit of quantitation definition in the most recent available National Environmental Laboratory
Accreditation Conference (NELAC) Standard. The PQL is methbd, instrument, and analyte
specific and may be updated as more data becomes available. The PQL must be below the
groundwater protection standard established for that analyte as defined by 30 TAC Section
330.409(h) unless approved otherwise by the TCEQ, The precision and accuracy of the PQL
shall be initially determined from the PQLs reported over the course of a minimum of eight
groundwater monitoring events. The results obtained from these events shall be used to
demonstrate that the PQLs meet the specified precision and accuracy as shown in the Table 11.4
below. The PQL will be supported by analysis of a PQL check sample, which is a laboratory
reagent grade sample matrix spiked with chemical's' of concern at concentrations equal to or less
than the PQL. At a minimum, a PQL check sample will be performed quarterly during the
calendar year to demonstrate that the PQL continues to meet the specified limits for precision

and accuracy as defined in the table below.

For analytes that the established PQL cannot meet the precision and accuracy requirements in the
table above, the owner/operator will ensure the faboratory will submit sufficient documentation

and information to the TCEQ for alternate precision and accuracy limits on a case by case basis.
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Non-detected results will be reported as less than the established PQL limit that meets these

precision and accuracy requirements.

6.3  Data Review and Laboratory Case Narrative

All analytical data submitted under the requirements of this permit will be examined by the
owner and/or operator to eﬁsure that the data quality objectives are considered and met prior to
submittal for the commission to review. The owner or operator will determine if the results
represent the sample are accurate and complete. The qﬁality control results, supporting data, and
data review by the laboratory must be included when the dwner/operator reviews the data, Any
potential impacts will be reported such as the bias on the quality of the data, footnotes in the

report, and anything of concern that was identified in the laboratory case narrative summary.

The owner or operator will ensure that the laboratory documents and reports all problems and
observed anomalies associated with the analysis. If analysis of the data indicates that the data
fails to meet the quality control goals for the laboratory’s analjrtical data analysis program, the
owner or operator will determine if the data is usable. If the owner and/or operator determines
the analytical data may be utilized, any and all problems and corrective action that the laboratory

identified during the analysis will be included in the report submitted to the TCEQ.

A Laboratory Case Narrative (LCN) report for all problems and anomalies observed must be
submitted by the owner and/or operator. The LCN will report the following information:
1. The exact number of samples, testing parameters and sample matrix.

2. The name of the laboratory involved in the analysis. If more than one laboratory is used,
all laboratories shall be identified in the case narrative.

3. The test objective regarding samples.

4. Explanation of each failed precision and accuracy measurement determined to be outside
of the laboratory and/or method control limits.

5. Explanation if the effect of the failed precision and accuracy measurements on the results
induces a positive or negative bias,
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6. Identification and explanation of problems associated with the sample results, along with
the limitations these problems have on data usability.

7. A statement on the estimated uncertainty of analytical results of the samples when
appropriate and/or when requested.

8. A statement of compliance and/or noncompliance with the requirements and
specifications. Exceedance of holding times and identification of matrix interferences
must be identified. Dilutions shall be identified and if dilutions are necessary, they must
be done to the smallest dilution possible to effectively minimize matrix interferences and
bring the sample into control for analysis.

9. Identification of any and all applicable quality assurance and quality control samples that
will require special attention by the reviewer.

10. A statement on the quality control of the analytical method of the permit and the
analytical recoveries information shall be provided when appropriate and/or when
requested, :

In addition to the LCN, the following information must be submitted for all analytical data:

1. A table identifying the field sample name with the sample identification in the laboratory
report,

2. Chain of custody.

3. An analytical report that documents the results and methods for each sample and analyte
to be included for every analytical testing event. These test 1eports must document the
reporting limit/method detecnon limit the laboratory used.

4. A release statement must be submitted from the laboratory. This statement must state “I
am responsible for the release of this laboratory data package. This data package has
been reviewed by the laboratory and is complete and technically compliant with the
requirements of the methods used, except where noted by the laboratory in the attached
exception reports. By my signature below, I affirm to the best of my knowledge, all
problems/anomalies, observed by the laboratory as having the potential to affect the
quality of the data, have been identified by the laboratory in the Laboratory Review
Checklist, and no information or data have been knowingly withheld that would affect the
quality of the data.”

a. If it is an in-house laboratory, it must bave the following statement: “This .
laboratory is an in-house laboratory controlled by the person responding to rule.
The official signing the cover page of the rule-required report (for example, the
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APAR) in which these data are used is responsible for releasing this data package
and 1s by signature affirming the above release statement is true.”

5. Ifthe data is from soil and/or sediment samples, it must be reported on a dry weight basis
with the percent solids and the percent moisture reported so that any back calculations of
the wet analysis may be preformed.

A laboratory review checklist shall be submitted with all groundwater analytical data documents.
An example laboratory review checklist is presented in Appendix 11C. For every response of
"No, NA, or NR" that is reported on the checklist, the permittee will ensure the laboratory

provides a detailed description of the “exception report” in the summary of the LCN.

7.0  STATISTICAL METHODS

The groundwater monitoring data will be evaluated to determine statistically significant increases
(SSIs) above background values for each constituent listed in Table 11.1. The statistical analyses
will be performed in accordance with 31 TAC 330.407 (e} and (f), using commercially available
software, such as SANITAS. The statistical method currently used following establishment of
background data for the currently approved groundwater monitoring system (February 1995 through
October 1996) consists of two methods. One method is a contro! chart (CUSUM) and the other
method is intra-well parametric and non-parametric prediction limits (PL). The rationale for
utilizing these methods was presented in HDR’s October 9, 1997 response to comments letter to the
TCEQ. |

The Landfill may use statistical tests other than those approved by TCEQ in Section 330.405(e),
provided that the test meets the performance standards of Section 330.405(f) and provided that a
‘ satisfactory justification has been submitted to the TCEQ.
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Table 11.1: Detection Menitoring Constituents

Total Alkalinity
Arsenic

Barium

Total Dissolved Solids
Cadmium

Chromium

Cobalt

Copper

Lead

Nickel

Selenium

Sliver

Dissolved iron
Dissolved Manganese
Zinc

Ammonia

Acetone

Acrylonitrile

Benzene
Bromochloromethane
Bromodichloromethane
Bromoform

Carbon disulfide

Carbon tetrachloride
Chlorobenzene
Chloroethane

Chloroform
Dibromochloromethane
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
o-Dichlorobenzene,(1,2)
p-Dichlorobenzene (1,4)
trans- {,4-Dichloro-2-butene
1,1-Dichloroethane

1,2-Dichloroethane

1, 1 -Dichloroethylene
¢is-1,2-Dichloroethylene
trans- 1,2-Dichlorocthylene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene

2-Hexanone

Methyl bromide

Methyl chloride
Methylene bromide
Methylene chloride
Methy! ethy! ketone
Methyl iodide
4-Methyl-2-pentanone
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachiorosthylene
Toluene

1,1, 1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
1,2,3-Trichloropropane
Vinyl acetate

Vinyl chloride

Xylenes (fotal)
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Table 11,2: Test Methods and Containers

CONSTITUENT METHOD
Volatile Organic Constituents| 8260B
Total Alkalinity 310.1, titration, sulfuric acid
Total Dissolved Solids 160.1
Arsenic ICP 6010C, ICPMS 6020A
Barium ICP 6010C, ICPMS 6020A
Cadmium ICP 6010C, ICPMS 6020A
Chromium ICP 6010C, ICPMS 6020A
Cobalt ICP 6010C, ICPMS 6020A
Copper ICP 6010C, ICPMS 6020A
Lead ' ICP 6010C, ICPMS 6020A
Nickel ICP 6010C, ICPMS 6020A
Selenium ICP 6010C, ICPMS 6020A
Silver ICP 6010C, ICPMS 6020A
Dissolved Iron ICP 6010C, ICPMS 6020A
Dissolved Manganese ICP 6010C, ICPMS 6020A
Zing ICP 6010C, ICPMS 6020A.
Ammonia 350.3, ion electrode

Containers & Preservation

Volatiles - Method 8260B - 3, 40-ml VOA Vials)

Metals - Methods ICP 6010 and ICPMS 6020 - 2, 1-liter, plastic,
kept cold; one preserved with HNO; to pH <2; one with no
preservative.

Ammonia — Method 350.3 - 1, 500-ml, glass, preserved with H>SOy,

The above test methods are taken from EPA SW-846, Test Methods for Evaluating Solid
Waste, Third Edition, Update IIIB, November 2004. Al samples shall be analyzed by SW846
methods or other methods accepted by the TCEQ.
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Table 11,3; Sample Containers, Preservation, and Holding Times

Recommended . Maximum Holding Minimum
Parameter . Preservation .
. Containers Time Volume
pH P.G None Analyze immediately 25 ml
Spec. Cond. P.G None Analyze immediately 100 ml
Temperature P,.G None Analyze immediately :
Heavy Metals P.G *Acidify w/HNO; 6 months except 1 liter
(includes iron to pH<2, 4°C 28 days for Hg
and manganese)
Calcium, P.G 4°C 28 days 1 liter
Magnesium,
Sodium, Potassium,
Fluoride, Sulfate,
Chloride, and
Hardness
Total Dissolved P.G 4°C 7 days 1 liter
Solids (TDS) (may
be included with
above parameters)
Nitrate P.G 4°C 48 hrs 100 ml
Ammonia P.G 4°C; acidifyw/H,80,1 7 days; 28 days if 500 ml
' fo pH<2, 4°C acidified
Alkalinity B,.G 4°C 48 hrs 200 ml
NPOC (G amber, T- 4°C; acidify 48 hrs; 28 days if 100 ml/
lined caps w/HCI to pH<2, acidified ‘replicate

4°C
Chemical Oxygen | P,G 4°C, acidify 48 hrs; 28 days if 100 ml
Demand (COD) w/HS0,, to pH<2, acidified

4°C
Semi-volatile G, T-lined caps | 4°C 7 days until extraction, | 1 liter
organic constituents then analyze within 40
(SVO0Q) days
Biologicd Oxygen PG 4°C 24 hrs 1 liter
Demand (BOD) ,
Volatile Organic G, T-lined septa | 4°C; acidify 14 days 2x40 ml
Constituents (VOCs) w/HC1 to pH<2,

4°C
P=Polyethylene, G=Class, T=Teflon.
*If analyzing for dissolved metals, filter in the lab before acidifying.
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Table 11.4 QC Specification Limits for the PQL and Lower Limit of Quantitation Check

Samples
CcocC Precision (% Accuracy (%
RSD) Recovery)

Metals 10 70-130

Volatiles 20 50-150

Semi-volatiles 30 50-150
City of Amarillo — Part III, Attachment 11 22 Kleinfelder
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Appendix 11A; Groundwater Sampling Report, Form TCEQ-0312
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Appendix 11B: Chain of Custody Form
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Appendix 11C: Example Laboratory Checklist
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Laboratory Data Package Cover Page

This data package consists of:

0 This signature page, the laboratory review checklist, and the following reportable data:
| R1  Field chain-of-custody documentation;

0 R?  Sample identification cross-reference;

[l R3 - Test reports (analytical data sheets) for each environmental sample that includes:

a) Items consistent with NELAC 5.13 or ISO/TEC 17025 Section 5.10
b) dilution factors,
¢) preparation methods,
d) cleanup methods, and
e) if required for the project, tentatively identified compounds (TICs).
rl R4 Surrogate recovery daia including:
ay Calcolated recovery (%R), and
b) The laboratory’s smrrogate QC limiis,
] R5  Test reports/summary forms for blank samples;
[l R6  Test reports/summary forms for Iaboratory control samples (LCSs) mcludmg
a} LCS spiking amounts,
b) Caleulated %R for each analyte, and
¢) The laboratory’s LCS QC limits.
| R7  Test reports for project matrix spike/matrix spike duplicates (MS/MSDs) including:
a)y Samples associated with the MS/MSD clearly identified,
b) MS/MSD spiking amounts,
c) Concentration of cach MS/MSD analyte measured in the parent and spiked s'tmples
d) Calculated %Rs and relative percent differences (RPDs), and
e) The laboratory’s MS/MSD QC limits
0 R8 Laboratory analytical duplicate (if applicable) recovery and premsmn
a) the amount of analyte measured in the duplicate,
b) the calculated RPD, and
¢) the laboratory’s QC limiis for analytical duplicates.
O RS List of practical quantitation limits (PQLs) for each analyte for each method and matrix;
£ R10 Other problems or anomalies. -
0 The Exception Report for every “No” or “Not Reviewed (NR)” item in laboratory review checklist.

Release Statement: I am responsible for the release of this laboratory data package. This data package has
been reviewed by the laboratory and is complete and technically compliant with the requirements of the
methods used, except where noted by the laboratory in the attached exception reports. By my signature
below, I affirm to the best of my knowledge, all problems/anomalies, observed by the laboratory as
having the potential to affect the quality of the data, have been identified by the laboratory in the
Laboratory Review Checklist, and no information or data have been knowingly withheld that wouid
affect the quality of the data.

Check, if applicable; O This laboratory is an in-house laboratory controlled by the person responding {o
rule. The official signing the cover page of the rule-required report (for example, the APAR) in which
these data are used is responsible for releasing this data package and is by signature affirming the above
release statement is true.

Name (Printed) Signature Official Title (printed) Date
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Laboratory Review Checklist: Reportable Data

Laboratory Name: ‘ LRC Date:

Project Name: Laboratory Job Number:

Reviewer Name: Prep Batch Numbei(s):

#l Az

Description

RI | 01

Chatn-of-custody (C-0-C)

Did samiples meet the laboratory’s standard conditions of sample acceptability upon receipt?

 [Were all departures from standard conditions described in an exception report?

R2 |O1

Sample and quality control {QC) identification

Are all field sample ID numbers cross-referenced to the laboratory ID numbers?

Are all laboratory ID numbers cross-referenced to the corresponding QC data?

Test reports

Were all samples prepared and analyzed within holding times?

Other than those results < PQL, were all other raw values bracketed by calibration standards?

Were calenlations checked by a peer or supervisor?

Were all analyte identifications checked by a peer or supervisor?

Were sample quantitation limits reported for all analytes not detected?

Were all results for soil and sediment samples reparted on a dry weight basis?

Were % moisture (or solids) reported for all soil and sediment samples?

If required for the project, TICs reported?

R4 |0

Surrogate recovery data

Were surrogates added prior to extraction? -

‘Were surrogate percent recoveries in all samples within the laboratory QC limits?

‘Fest reports/summary forms for hlank samples

Were appropriate type(s) of blanks analyzed?

Were blanks analyzed at the appropriate frequency?

Were methed blanks taken through the entire analytical process, including preparation and, if
applicable, cleanup procedures?

Were blank concentrations < PQL?

Ré |OI

Eaboratory control samples (LCS):

Were all COCs included in the 1.CS?

Was each LCS taken through the entire analytical procedure, including prep and cleanup steps?

Were LCSs analyzed at ihe required frequency?

Were LCS (and LCSD, if applicable) %Rs within the laboratory QC limits?

Does the detectability data document the laboratory’s capability to detect the COCs at the MDL used
to calculate the 8QILs?

‘Was the LCSD RPD within QC limits?

R? [0

Matrix spike (MS) and matrix spike duplicate (MSD) data

Were the project/method specified analytes included in the MS and MSD?

Were MS/MSD analyzed at the appropiiate frequency?

Were MS (and MSD, if applicable) %Rs within the laboratory QC limits?

Were MS/MSD RPDs within laboratory QC limits?

R§ (Ol

Analytical duplicate data

Were approptiate analytical duplicates analyzed for each matrix?

Were analytical duplicates analyzed at the appropriate frequency?

Were RPDs or relative standard deviations within the laboratory QC limits?

Practical quantitation limits (PQLs):

Are the PQLSs for each method analyte included in the laboratory data package?

Do the PQLSs correspond to the concentration of the lowest non-zero calibration standard?

R10|OT

Are unadjusted PQLs included in the Jaboratory data package?
Qther prohlems/anomalies -

Are all known problems/anonalies/special conditions noted in this LRC and ER?

Were all necessary corrective actions performed for the reported data?

Was applicable and available technology used to lower the SQL minimize the matrix interference
affects on the sample results?
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1. Ttems identified by the letter “R” must be included in the laboratory date package submilted in required repori(s). Items identified by the letter “S”
should be retained and made available upon request for the appropriate retention period.
2. = organic analyses; I = inorganic analyses (and general chemistry, when applicable);
3. NA = Not applicable; and NR = Not reviewed; .
4. ER#= Exception Report identification number (an Exception Report should be completed for ar item if “NR” or “No” is checked onthe
-LRC)
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Laboratory Review Checklist: Reportable Data

Laborafory Name: LRC Date:

Project Name; Laboratory Job Number:

Reviewer Name: Prep Batch Numbex(s):

#l

Al

Description . [Yes [No [NA' [NR' |ERA

81

o1

Tnitial calibration (ICAL)

Were response factors and/or relative response factors for each analyte within QC limits?

Were percent RSDs or correlation coefficient criteria met?

Was the number of standards recommended in the method used for all analytes?

Were all points penerated between the lowest and highest standard used to calculate the curve?

Are ICATL data available for all instnunents used?

Has the initial calibration curve been verified using an appropriate second source standard?

Ol

Initial and continuing calibration verification (ICCV and CCV) and continuing calibration

Was the CCV analyzed at the inethod-required frequency?

Were percent differences for each analyte within the method-required QC limits?

Was the ICAL cwrve verified for each analyte?

Was the absolute value of the analyte concendration in the inorganic CCB < MDL?

Mass spectral tuning;

Was the appropriate compound for the method used for tuning?

Were ion abundance data within the method-required QC limits?

Infernal standards (IS):

Were IS area counts and retention fitnes within the method-required QC limits?

85

Ol

Raw data (NELAC section 1 appendix A glossary, and section 5.12 or ISO/IEC 17025 section
4.12.2) (ONLY USE DATA FOR EPA LEVEL 3 Q4/QC REVIEW, IF RAW DATA NOT
APPLICABLE, THEN CHANGE, APPROPRIATELY).

Were the raw data (for example, chromatograms, speciral data) reviewed by an analyst?

Were data associated with manual integrations flagged on the raw data?

Dual column confirmation

Did dual column confirmation results meet the method-required QC?

Tentatively identified compounds (TICs):
If TICs were requested, were the mass spectra and TIC data subject to appropriate checks?

Interference Check Sample (ICS) resulfs:

Were percent recoveries within method QC limifs?

Serial dilutions, post digestion spikes, and method of standard additions

Were percent differences, recoveries, and the linearity within the QC limits specified in the method?

Oof

Method detection limit (MDL) studies

Was a MDL study perfonned for each reported analyte?

Is the MDL either adjusted or supported by the analysis of DCSs?

o1

Proficiency fest reports:

Was the laboratory's performance acceptable on the applicable proficiency tests or evaluation studies?

Ol

Standards documentation

Are all standards used in the analyses NIST-iraceable or obtained from other appropriate sources?

Ol

Compound/analyte identification procedures

Are the procedures for compound/analyte identification documented?

Ol

Demonstration of analyst competency (DOC)

Was DOC conducted consistent with NELAC Chapter 5C or ISQ/IEC 47

Is documentation of the analyst’s competency up-fo-date and on file?

Ol

Verification/validation documentation for methods (NELAC Chap 5 or ISO/IEC 17025 Section 5) B

Are all the methods used to generate the data documented, verified, and validated, where applicable?

Ol

Laboratory standard operating procedures (SOPs):

Are laboratory SOPs cwrrent and on file for each method performed?

—

W e L

Iiems identified by the letter “R” should be included in the laboratory data package submitted to the TCEQ in the required repori{s). Items identified
by the letter “8” sheuld be refained and made available upon request for the appropriate retention period.

O = organic analyses; = inorganic analyses {and general chemistry, when applicable),

NA = Not applicable.

NR = Not Reviewed.

ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR” or “No™ is checked).
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Appendix A (cont’d): Laboratory Review Checklist: Exception Reports

Laboratory Name: LRC Date:
Project Name: Laboratory Job Number:
Reviewer Name: Prep Batch Number(s):

ER# |DESCRIPTION

ER# = Exception Report identification number (an Exception Repoit should be completed for an item if “NR™ or “No” is checked

on the LRC
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Appendix 11D: Site Safety Plan
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This Site Safety Plan has been presented herein to provide guidance when conducting groundwater
and sampling activities at the site. Any other site specific health and safety procedures prepared by
the City of Amarillo shall be adhered to. Personnel designated to perform the groundwater
monitoring and sampling program should be trained in the operation, maintenance, and calibration of
the sampling equipment. There should be two people at all times performing the monitoring and
sampling activities. At the end of this plan is a site map that shows the well locations, routing to and
from the wells, and entrance/exit to the facility. In case of emergency, it is recommended that all
personnel meet at the landfill office located on the western side of the landfill, unless a specific
location has been selected by the City of Amarillo management. The following safety precautions

are recommended:

e During the monitoring and sampling activities, smoking and eating will not be permitted. These
activities should only be permitted in designated areas and after washing hands with soap and
water. _

. Alt a minimum Level D protection should be worn at all times. Because groundwater is involved
with this activity the protective gear should at least consist of coveralls, gloves, safety glasses or
goggles, boots, and hard hat.

o Because the potential for methane and other gases to build-up in the monitor wells, extra
precaution should be taken when opening monitor wells that have been closed for 2 period of
time. Any equipment that may be a spark hazard should be removed from the area before
opening the well. It is recommended to have a methane monitoring device, i.e. explosimeter,
during sampling to monitor the air space around the well head prior to opening the well. If
concentrations are within five percent or greater by volume of methane, then the well should be
vented until readings decrease to zero.

e While working around the wells, an adequate working area should be maintained to allow free
movement. In heavy traffic areas, the working area should be delineated with barriers or caution
tape. Personnel should be aware of construction equipment and refuse trucks around the area at
all times. In areas that are obstructed from view, adequate signs should be posted to warn on-

coming vehicles that personnel are working in the area and that caution should be taken.
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Since many of the constituents being analyzed are considered carcinogens, Material Safety Data
Sheets (MSDS) should be posted at the facility and consulted on a regular basis. For this type of
work the primary exposure routes will be by ingestion and skin absorption. Therefore, extra
precaution should be given to avoid coming into contact with groundwater that is potentially
impacted with volatile organic constituents. Personnel should thoroughly wash their hands with

soap and water after completing the sampling activities and before they leave the site.
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7.0 ESTIMATED COSTS

The unit costs used are based on recent projects and prices. The estimated costs will be updated annually
or as required to reflect any increased or decreased costs in construction or materials or the closure of
particular cells. A copy of the revised closure costs will be submitted to the Commission.

Table HI.12.1: Closure Costs
CITY OF AMARILLO LANDFILL
COST ESTIMATE FOR CLOSURE OF THE LARGEST AREA
(LARGEST AREA ESTIMATED AT 526 ACRES)
MSW Permit No. 73A

Item Quantity Unit | LUinit Cost l Total

Topo Survey 1 LS* $7,500 $7,500

Boundary Survey 40 HR 380 $3,200

Site Evaluation and Development of Plans 1 LS $25,000 ' $25,000

Closure Plan 1 LS $10,000 $10,000

Construction Observation/Testing 400 HR $75 $30,000
Subtotal $75,700
Contingency 20% $15,140
Toflbngmesring | [ || g
Construction =" - Y U S T

Plug and Abandon Wells 22 EA $8,000 $176,000

Plug and Abandon Piezometers 5 EA $5,000 $25,000

Fill to grade CY $2.00 $2,258,667

. 1,129,333

Infiltration Layer (12 inches)

Placing/grading/compaction 848,013 CY $1.50 $1,272,020
Erosion/Vegetative Layer (24 inches) 1,697,227 CY $1.50 $2,545,840
Vegetation 526 | ACRE $1,000.00 $526,000
Backfill/grading/drainage 1 L3 $100,000.00 $£100,000
Methane Gas Control Wells 10 EA $1,000.00 $10,000

Subtotal $6,913,526
Contingency 20% | [ - $1,382,705
Total Construction ' co L o C 88,296,231
Total Closure Costs (2005) S L R $8,387,071
5% increase for 2006 ' : 58,806,425
5% increase for 2007 ' 39,246,746
5% increase for 2008 | 9,709,084
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OVERVIEW OF ATTACHMENT 5 INFORMATION

The City of Amarillo plans to vertically expand its landfill. The waste footprint of the proposed
landfill will be identical to the footprint that the TNRCC (now TCEQ) originally approved in
1975 and reviewed again as part of the Alternate Liner Demonstration (ALD) submitted in
compliance with the requirements of the RCRA Subtitle D upgrades. The ALD provided for
utilizing a flexible membrane liner including a geosynthetic clay liner (FML/GCL).
Additionally, the original permit (granted July 2, 1975) had no provision for limiting the depth of
excavation. The 1994 Subtitle D upgrade prepared by HDR provided excavation grades for a
portion of Cell 4, with the other cells indicating excavation depths. To comply with TCEQ rule
changes made March 2006, this permit has been modified.

For this permit modification the hydrogeologic information that is contained in the 1994
Alternate Liner Demonstration (see Appendix 5B) and contained in the 2005 permit amendment
has been reviewed. The 1994 Alternate Liner Demonstration interprets the field permeability
tests, water level measurements, hydrogeologic units, potentiometric surface, recharge/discharge
mechanisms, and groundwater flow regime (including groundwater flow and velocity) of the
regional and site geology and the site subsurface data. The information contained in the 1994

report remains applicable to this permit amendment.

Groundwater flow direction and gradients from 2008 data are similar to those interpreted from
the 1994 and 2005 data. The recent groundwater measurements indicates the Ogallala aquifer
has lowered as much as 1 foot from the 2005 measurements and from 4 to 6 feet lower in
elevation than measured in 1994, over the southern half of the site. Six groundwater-monitoring

wells have been used for compliance monitoring.

As a portion of the 2005 permit amendment, four additional geotechnical borings were drilled.
Borings 201 and 202 were drilled June 7 and 8, 2005 in the northeastern portion of the permitted
area. The purpose of these borings was to retrieve soil samples and to review stratigraphic

information with existing subsurface information (see Attachment 4 for discussion). Recovered
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soil samples were used for further analysis regarding landfill foundation settlement as presented

in Attachment 4, 2005 permit document. Borings 203 and 204 were drilled on September 7

and 8, 2005 in the western portion of the permitted area in order to install piezometers, and to

gather additional groundwater information.

The groundwater characterization information from the 1994 permit documents is attached and

incorporated in its entirety as Appendix 5A to this updated 2005 report. Appendix 5B to this

2008 report contains an updated site plan with monitoring well locations including twenty two

new monitoring wells, the revised monitoring well network details, updated groundwater

elevations, potentiometric surface map, and updated monitoring well data.

Attachment 5 Appendices

Appendix 5A — Limited Groundwater Characterization Investigation (1994 permit documents)

1994 Limited Groundwater Characterization Investigation with attachments

Appendix 5B — Updated Hydrogeologic Information{266%)

2008-Site-Plan-With-Existing and Proposed Monitoring Well Locations

E;ES A PI ]J[.]F. . ;[ . - u[ ”L ek
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Typical Monitoring Well Detail

Proposed Monitoring Well Network

Groundwater Elevation Summary. September 1994 to April 13. 2009

Groundwater Contour Map with Directional Flow and Point of Compliance

—e_Groundwater Contour Map, November 9, 1994

—e_Groundwater Contour Map, April 14, 1995

—e_Groundwater Contour Map, October 16, 1995

—e_Groundwater Contour Map, April 15, 1997
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—e_Groundwater Contour Map, October 14, 1998

—eo_Groundwater Contour Map, April 17, 2000

—e_Groundwater Contour Map, April 14, 2003

Appendix 5B — Updated Hydrogeologic Information (2008) (continued)

—e_Groundwater Contour Map, October 18, 2004

—e_Groundwater Contour Map, October 17, 2005

—e_Groundwater Contour Map, April 18, 2006

—e_Groundwater Contour Map, April 18, 2007

—e_Groundwater Contour Map, October 156, 2007

—e_Groundwater Contour Map, March 18, 2008

Groundwater Contour Map, August 14, 2008

Groundwater Contour Map. November 19. 2008

Groundwater Contour Map, January 12, 2009

Groundwater Contour Map. April 13, 2009

Structural Surface Contour Map of the Triassic Dockum Formation

Kleinfelder Logs of Borings 203 and 204 with Piezometer Construction Detail

Monitoring Well Data Sheet and Logs
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1.0 GROUNDWATER MONITORING SYSTEM

The groundwater monitoring system plan currently in place at the site was approved by TNRCC
(TCEQ) in a letter dated March 28, 1995. Subsequent approval was made by the TCEQ for the
December 2005 permit amendment for the groundwater monitoring system additions. The entire
records of monitoring well installations are on file with the TCEQ. The current monitoring well
network consists of six locations labeled MW-1 through MW-6. Piezometers labeled PZ-1,
PZ-2, and PZ-3 (drilled July through August 1994) were converted to Monitoring Wells 7, 8,
and 9 respectively, and are located interior of the landfill boundary. Monitoring Wells 10, 11,
12, and 13 (drilled October through November 1999) were subsequently constructed south of
Monitoring Wells 7 and 8, but north of the southern landfill boundary. Since Monitoring Wells 7
through 13 are interior of the site, but outside the current fill areas, these wells are not the

monitoring wells of record, but have been used for recording groundwater data.

For this permit modification and in compliance with the March 2006 TCEQ rule changes, the

current monitoring well network is proposed to be replaced with a new network of twenty two

(22) new monitoring wells. To spare confusion with previously documented borings and wells

the new monitoring wells are to be numbered in an “800” series to relate to this 2008/2009

modification. Plate 1 of Appendix 5B presents the existing and proposed monitoring well

locations.

An updated construction detail and table for the updated. proposed e-monitoring well network is

included in Appendix 5B, Plates 2 and 3. The table presented on Plate 32, Appendix 5B,

presents monitoring well designations and elevations for screened interval, filter pack, bentonite

seal, and bottom of well_for the proposed new monitoring well network. A discussion regarding

Plate 3. Proposed Monitoring Well Network Screen Interval Elevations. is presented in

Section 4.0.

SB—A plan to add
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seven additional proposed monitoring wells (MW-14 through MW-20) was proposed for the
2005 permit amendment butand is supereededsuperseded through this permit modification. Ees

d 23134 amnlignee e MNMare 0 EO rula e noQac 9 o a
d H Py d 2

The existing monitoring wells are currently being sampled semi-annually according to the
Groundwater Sampling and Analysis Plan (GWSAP). Each monitoring well has been verified by
visual observations for the 2005 Amendment as to general location. The surface completions
including caps, pads, and guard posts are in acceptable condition. The monitoring well sampling

events continue to document that each well is functioning as intended.

The depths to groundwater within the monitoring wells are measured for each sampling event.

The elevation of the groundwater as determined from these measurements is summarized in

tabular form presented on Plates 4 and 53, Appendix 5B. —Fhesegroundwaterelevationshave

The trend in the saturated thickness of each existing monitoring locationweH-serees is a thinning
of the saturated zone.appears-to-be-deelining-overall. The trend is due to increased groundwater

usage throughout the region (i.e., not associated with Amarillo Landfill) resulting in a general

decline in the groundwater elevations and differing recharge rates to the aquifer from localized
percolation and permeability. The soils overlying the saturated zone of the Ogallala provide an
unsaturated layer above the-deeper water table. No shallow perched water tables within the
unsaturated zone have been encountered beneath the landfill. The presence of the unsaturated

zone is consistent with regional hydrogeology information.
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Each of the six existing network monitoring wells continues to provide samples from screened
well sections within the saturated zone of the Ogallala. The depths of sampling within the wells

will continue to be monitored at each sampling event. The current monitoring well network

continues to function effectively, but will be replaced as discussed in the following sections=.-
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2.0 POTENTIOMETRIC SURFACE

The existing monitoring wells indicate similar trends of increasing and decreasing groundwater
elevations among all well locations for each sampling event. As interpreted from the
groundwater measurements, the potentiometric surface continues to generally descend from the
north to the south. Consistent with 1994, the 2008/2009 groundwater gradient is approximately
twice as steep in the northeastern one-third of the site as compared to the southwestern two-
thirds of the site. Additionally, a south-southwesterly trending hydraulic ridge is interpreted in

the northeastern portion of the site locally forming radial flow to the southwest and southeast.

The 2008/2009 groundwater elevation trends indicate a continued decrease (lower) in the
potentiometric surfaces since 2005. Decreases range from one foot along the northern perimeter
of the site to '%2-foot along the southern perimeter of the site. Saturated thicknesses of the
Ogallala Aquifer estimated from the potentiometric surfaces down to the top of the Triassic
Dockum formation (Plate #B25. Appendix 5B) show thicknesses to be less than 2 feet along the
northern perimeter and from approximately 47 to 55 feet along the southern perimeter. A
chronology of groundwater elevation data for this site indicates a trend of thinning saturated
thickness of the Ogallala aquifer. Regional and national data show this to be the trend for the

entire Ogallala aquifer.

Two additional deep borings were drilled during theis 2005 Permit Amendment and converted to
standpipe piezometers. The borings/piezometers have been designated as B-203 and B-204 and
are located along the western side of the permitted landfill. Including the groundwater elevation
data from 203 and 204 along with the other monitoring locations, the potentiometric surface has

been updated and presented as groundwater contour maps as presented on Plates 18 through 245,

Appendix 5B—. These groundwater maps provide the more recent historic data from the site.

Groundwater contour maps presented upon Plates 7 through 17 provide the older historic data for

comparison. Groundwater flow paths for 2008/2009 are similar to those estimated for 2005 and

continue to generally indicate the northern and the northern two-thirds of the western boundaries

of the landfill are upgradient for the permitted site. These supplemental groundwater elevation
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points indicate the equipotential lines within the western quarter of the site bend slightly toward
the southeast along the northern_two-thirds—=34 of the western boundary, and flow direction
approximately parallely—erthogenal-orneutral to the site boundary within the southern one-
third* of the western boundary. The eastern boundary of the landfill area has maintained a
relatively consistent potentiometric surface since 1994. The eastern boundary of the landfill
continues to show a slight southeastern groundwater vector, which places the eastern boundary
as downgradient to the permitted site, although groundwater flow encountering the eastern

boundary has a narrow site entry area east of existing Monitoring Well 5.

The groundwater elevation trends indicate that a slight decrease (lower) in the potentiometric
surfaces since 1994, especially in the southern half of the site. This is consistent with the
regional groundwater information published by the High Plains Underground Water
Conservation District No. 1. The groundwater measuring locations (monitoring wells) confirm
groundwater elevation trends and flow directions similar to those measured in 1994 and also

measured within the monitoring wells during sampling events since 1994,
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3.0 MONITORING WELL LOCATIONS

The existing monitoring well locations were verified in the field. The groundwater data trends
indicate that variations in the groundwater elevations within the monitoring wells are similar

-5B). This indicates that groundwater flow directions

and gradients continue to descend southward. Therefore, the existing monitoring well network
continues to monitor both upgradient and downgradient locations as intended. However, a
review of well configurations and the thinning of the aquifer saturated thickness has lead the City

to desire to upgrade the entire monitoring well network for the site as a part of this modification.

Boring logs for the wells and the on-going groundwater measurements confirm the presence of
groundwater within a single hydrogeologic unit (Ogallala) as interpreted by the 1994 permit
document. There are no interpreted shallow, perched water pockets above the saturated zone of

the Ogallala within the permitted area.

Subchapter J of the TAC Title 30 2006 revisions require that a facility have a point of
compliance monitoring network with well spacing not to exceed 600 feet and for the detection of
groundwater contamination in the uppermost aquifer at the point of compliance (vertical surface

located no more than 500 feet from the hydraulically downgradient waste management

boundary). The point of compliance is designated along the southern.-and eastern, and southern

one-third of the western permit boundaries as {depicted on Plates 1_and 6, App. 5B.) and is the

first time the point of compliance has been designated for this landfill site. Groundwater
measurements from 2005 to 2009& consistently indicate inward gradients along the entire
northern and northern two-thirds% of the western sideperimeter of the site. The southern one-
third% of the western perimeter of the site has pressureflew gradients approximately orthogonal,

that is, groundwater flow direction parallel to the site boundary.-er+neutral-to-thesite-boundary

Based on the flow paths, the entire eastern and southern boundariesperimeters of the site are

indicated to be within outward gradients from the site. Since there are no perched water tables at
the site, the monitoring wells are each deep wells placed completely into the groundwater zone

depicted by the potentiometric surface. On this premise 202 new monitoring wells will be spaced
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along the site perimeter at the point of compliance. Two additional upgradient wells (818, 819)

will be-and—-wil installed as well as three upgradient piezometers (PZ-823. 206, and 207). The

locations of the monitoring wells and piezometers are presented on Plates | and 6. Appendix 5B.

Plate 68, Appendix 5B has been included to shows the groundwater contour elevations, selected

flow paths and locations for the proposed monitoring wells_and piezometers. This plate is

intended to help the reader visualize the proposed monitoring well and piezometer network as it

relates to the potentiometric surface.

Based on the six existing on site monitoring wells and two off site State registered water wells, a
structural map of the top of the Dockum formation has been prepared and is presented as
Plate 257B, in AppendixSeetion 5B of this permit modification. The screened intervals_for the

new monitoring well network will fully penetrate the Ogallala aquifer and terminate on top of the

Triassic Dockum geologic formation. Plate 32, Appendix 5B summarizes the proposed

The 6 existing monitoring wells in the currently approved groundwater monitoring system will
be left in place until the regulatory background sampling period for the new wells is satisfied.— at

which timeHewewves; the existing monitoring well network MW-1 through MW-4, and MW-66

will be decommissioned. Monitoring Well 5 will be evaluated in comparison with PZ-823 to

determine if MW-5 should be decommissioned or if it should remain within the monitoring well

network. As previously mentioned, it is well documented that the entire Ogallala Aquifer is
thinning due to withdrawal rates, due mainly to agricultural irrigation demands. The permitted
site is experiencing the same trend. Therefore, replacing the existing monitoring wells allows for

adjustment of the screened intervals within the saturated zone.
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Therefore, the groundwater monitoring system for the site will consist of Upgradient Monitoring

Wells 818, and 819 along with MW-58+4.—815(western—beundary)81+6;—817 818 (nerthern
beundary) and, Downgradient Monitoring Wells 801, 802, 803, 804, 805, 806, 807, 808, 809--.

810. 811, 812, 813, 814, 815. 816. and 817. Downgradient Monitoring Wells 820, 821 and 822

will be installed once Cell 12 is developed, but prior to waste placement within this cell.

As mentioned, the groundwater level beneath the landfill continues to decrease. which is a

regional trend. The groundwater flow gradients along the western side of the landfill will

probably continue to shift if this groundwater lowering trend continues. Therefore in addition to

the existing piezometers PZ-203 and PZ-204. piezometers PZ-206, PZ-207. PZ-821, and PZ-

feastern—and—seuthern—beoundaries). will be installed along the western side of the site and

croundwater measurements will be made in these piezometers when measurements and sampling

occurs within the monitoring well network. Also, in order to further confirm groundwater levels

being measured in MW-5. piezometer PZ-823 will be installed near MW-5 and groundwater

levels measured during normal sampling events. After each sampling event, a groundwater

contour map will be produced and the trend of the pressure gradients and flow directions,

particularly along the western side of the site, will be analyzed. If gradients shift, the point of

compliance may be altered and the monitoring well network updated to adequately monitor the

groundwater flow.

groundwater contour map will be produced for each monitoring well sampling event and

submitted-annuatly as part of the-annual groundwater monitoring report.—Piezemeters203-and
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continued decrease in groundwater elevation within the Ogallala, this ongoing evaluation will be

useful since it appears that the western portion of the site may be experiencing a slight shift in

groundwater flow direction (more southerly without the easterly component).—Until—this

observing groundwater flow lines as presented on Plate 68, it can be seen that the proposed
monitoring well network installed at upgradient locations will intercept groundwater flow, as
well as intercepting downgradient flow along the southern and eastern boundaries. As can be
observed, the southern boundary of the landfill intercepts most of the groundwater flow entering

the site from the north and west.

=

monttoring s established Hor the newhs—proposed- monttoring wel nevtwork,  Tollowing
acceptable background monitoring by TCEQ, existing Monitoring Wells 1 through 4 and 66 will

be decommissioned. with MW-5 evaluated at that time.
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4.0 MONITORING WELL SCREENED INTERVALS

As discussed, it is well documented that the overall trend of the Ogallala formation that lies

beneath the central section of the United States is decreasing in top surface elevation due to

withdrawal. While it is the intent of the monitoring well system at the landfill to monitor the

saturated zone, it is also necessary to maintain the bentonite seal above the screened interval

below the water level for hydration purposes. With the current thinning of the saturated section,

the placement of the screen and bentonite seal becomes important.

The groundwater levels at the landfill have been plotted and observed for trends. Although the

groundwater level beneath the landfill is decreasing in elevation across the entire site. not every

monitoring location presents identical rates of decrease. By observing the trends. an annual

decrease of 0.2 feet per vear has been approximated. When selecting a life expectancy of a

monitoring well of at least 15 vyears, the elevation of top of seal can be calculated.

Plate 3 Appendix 5B presents the calculated screen length for each planned monitoring location.

Due to the relatively thin aquifer saturated thickness at locations MW-815, 816, and 817, and

also at PZ-823. this projected decrease does not produce a saturated thickness suitable for

monitoring.

At each proposed monitoring location, the initial pilot boring will determine saturated thickness

at the time of drilline. For the thin sections mentioned above, the field geologist on site will

communicate with the permitting engineer to determine the appropriate length of screen and

depth of bentonite seal to be installed. The top of seal may be altered from the elevations

presented in this document depending upon the actual observations at time of drilling.

344.1 POTENTIAL FLOW PATHWAYS

In the event that the primary composite liner system is compromised and a release occurs, the
anticipated primary pathway of contaminant transport would be vertically and to a lesser extent

horizontal through the unsaturated materials. The majority of the subsurface materials consist of
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sand and clayey sand in the unsaturated zone, and then sand in the saturated zone of the Ogallala
Formation. Caliche layers are also present in the upper portion of the unsaturated zone that
would have some affect on vertical migration. Some horizontal migration would be expected as
a result of the caliche and finer grained material in the unsaturated zone. Because of the relative
thickness of the unsaturated zone and the finer grained nature of the unsaturated zone materials,
any release of contaminants could likely become entrapped in the soil and slowly released over
time. Infiltration of surface water is generally minimal in this area, and therefore it is not
expected that percolation of surface water into the subsurface would aid in the leaching of any

contaminant that may have been released due to a breach in the liner system.

In the event a contaminant reaches the saturated zone, the primary mechanisms controlling the
distribution of chemical transport would be advection and dispersion through the aquifer
materials in the direction of groundwater flow as shown on Plate 67, Appendix 5B. The
predominant downgradient groundwater-monitoring boundary for the landfill site is the southern
boundary. The flow direction and gradient has been consistent at the site since monitoring was
initiated during the 1994 permitting process. As previously discussed above, given the
consistent nature of the groundwater flow and gradient at the site, the proposed monitoring

network is anticipated to be adequate to monitor groundwater conditions at the site.

3:24.2 GROUNDWATER MONITORING SYSTEM INSTALLATION

Upon approval of the proposed groundwater monitoring system, the City of Amarillo will begin
the process of replacing the existing system with the upgraded and approved monitoring well
network. The approved network will be installed, and background data developed prior to
terminating groundwater testing within the existing monitoring well network. Once background
analytical data has been established, the existing monitoring well network will be
decommissioned and formally documented. At the time of submission of this permit
modification, it is anticipated that 182 months will be required once the system has been

formally approved to fully complete the extensive replacement of the existing monitoring well
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network. During this time interval, dual sampling events will be occurring and will continue

until the upgraded network is fully installed and appropriate background data established.

Notification of the Texas Commission on Environmental Quality (TCEQ) MSW Permits Section

will be given at least 45 days prior to initiating any proposed plugging and abandonment

procedures.
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5.0 EXISTING GROUNDWATER ANALYTICAL DATA

The general water quality of the Ogallala is acceptable for numerous applications. The
concentrations of Total Dissolved Solids (TDS) and Chloride increase from north to south. TDS
concentrations in the Amarillo area have been reported (Nativ 1988; Knowles and others 1984)
to be approximately 400 milligrams per liter (mg/l). Samples obtained in 1980 and in 1988 from
water wells near the Amarillo landfill show similar TDS levels and levels of chloride in the range
of 4 to 7 mg/l. Groundwater samples have been taken from monitoring wells at the landfill since
1995. These samples indicate that TDS levels range from 300 to 600 mg/l. Chloride levels
range from 4 to almost 200 mg/l, with the higher results occurring in upgradient monitoring well,
MW-5. Nitrate levels at the landfill historically range from 1 to 20 mg/l; sulfate levels from 10
to 33 mg/l; again the higher concentrations occurring in upgradient monitoring well, MW-5. The

water is considered "hard" by the High Plains Underground Water Conservation District.

Some metals have been detected in small concentrations during monitoring events. The most
prevalent metal that has been detected is Barium with levels ranging from 180 to about
550 micrograms per liter (ug/l). The higher concentrations of barium occur in upgradient

monitoring wells, MW-5 and MW-6.

93651 / FWO8R099 16 Kleinfelder
City of Amarillo — Part 111, Attachment 5 Mareh-July 2009
Landfill Permit MSW 73A Version 56



6.0 GROUNDWATER MONITORING SYSTEM CERTIFICATION

General Site Information

Site: City of Amarillo Landfill

Site Location: Amarillo. Potter County, Texas
Permit No: 73A

Date Permit Issued: 1974

Qualified Groundwater Scientist Statement

I, Donald D. James, P.G., have reviewed the groundwater monitoring system and supporting
data. In my professional opinion, the existing groundwater monitoring system and the proposed
additional monitoring wells is in compliance with the groundwater monitoring 1equi1ements
specified in 30 TAC §330.230 through §330.235. The monitoring well system is currently

opexatlve at the 51te &nfkwu—be—upéa{ed—aﬂd—aﬁageé—(aédﬂwﬁal—weﬂs—msmﬂed}—and

t—he—re#efeﬁeed—regﬁl&&eﬁs—but will be lcpld(.ed The eﬂa;tged—pmposed gloundwatel momtoung
system will consists of: upgradient wells MW-5, MW-818 and MW-819; 844 MW-815 MW~

8o MW7 -and MW-818-and-downgradient wells—nelade MW-801, MW-802, MW-803,
MW-804, MW-805, MW-806, MW-807, MW-808, MW-809, MW-810. MW-811, MW-812,
MW-813, MW-814, MW-815, MW-816. and MW-817. MW-819—Groundwater monitoring
wells MW-820, MW-821, MW-822-MW-823MW-824MW-825 MW-826MW-827 MW
%MW-S@—N%@W%S%—W«%Q—A@HS%—WS%—&HM will be installed
once Cell 12 is developed. but prior to waste placement.- This system has been designed for the
exclusive use of the City of Amarillo, Texas for specific application to the Amarillo Landfill
(TCEQ Permit No. 73). I am a qualified groundwater scientist as defined by 30 TAC §330.2.
The only warranty made by us in connection with this document and specifically with the
monitoring well network is that we have used that degree of care and skill ordinarily exercised
under similar conditions by reputable members of our profession, practicing in the same or
similar locality when designing or reviewing monitoring well systems. No other warranty,
expressed or implied, is made or intended.

Firm/Address: Kleinfelder

6850 Manhattan Boulevard, Suite 300

Fort Worth, Texas 76120
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Signature:

Date:
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APPENDIX SA

1994 Limited Groundwater Characterization Investigation



APPENDIX SB

2008-SitePlan-with-Existing and Proposed Monitoring Well Locations
Typical Monitoring Well Detail

Proposed Monitoring Well Network

Groundwater Elevation Summary:, September 1994 to April 13. 2009

2008 Monitorine Well N /T | Mositoringe Well Detail
SO . ——

Groundwater Contour Map with Directional Groundwater Flow and Point of Compliance
HGroundwater Contour Map, November 9, 1994

SGroundwater Contour Map, April 14, 1995

HGroundwater Contour Map, October 16, 1995

HGroundwater Contour Map, April 15, 1997

HGroundwater Contour Map, October 14, 1998

HGroundwater Contour Map, April 17, 2000

=ZGroundwater Contour Map, October 16, 2001

HGroundwater Contour Map, April 14, 2003

~Groundwater Contour Map, October 18, 2004

~Groundwater Contour Map, October 17, 2005

HGroundwater Contour Map, April 18, 2006

HGroundwater Contour Map, April 18, 2007

HGroundwater Contour Map, October 156, 2007

sGroundwater Contour Map, March 18, 2008

Groundwater Contour Map, August 14, 2008

Groundwater Contour Map, November 198, 2008

Groundwater Contour Map, January 12, 2009

Groundwater Contour Map. April 13, 2009

Structural Surface Contour Map of the Triassic Dockum Formation

Kleinfelder Logs of Borings 203 and 204 with Piezometer Construction Detail
Monitoring Well Data Sheets and Logs




2005 Kleinfelder
Logs of Borings

B-203 and B-204



1994 — Dyess - Peterson Testing Laboratory, Inc.
Log of Boring

MW-1



1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-2



1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-3



1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-4



1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-5



1994 — Dyess Peterson Testing Laboratory, Inc.
Log of Boring

MW-6
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1.0 GENERAL

This section includes the Closure Cost Estimate (Table II1.8.1) and Post-Closure Cost Estimate

(Table I11.8.2) for the City of Amarillo Landfill.

1.1 Financial Assurance

In order to address financial assurance requirements, the City of Amarillo will submit
documentation to verify its compliance with Chapter 37, Subchapter R: Financial Assurance for
Municipal Solid Waste Facilities upon receipt of this amendment. The combined cost of closure

and post-closure is $4+2:365:83312.645,053. This cost estimate is based upon Year 2005 dollars

(escalated by 5% per annum to 2008) and provision of service by a third party. The unit costs
used are based on previous projects in the area. This estimate also assumes that the largest
landfill area that would require final cover at one time is 526 acres. The City has built cells in
approximately 10 acre phases. Worst case scenario is for final closure of the entire site (526

acres) with 70 feet of depth for a 10 acre phase needing filling to maintain drainage.

Post-closure care estimates include activities associated with the entire site.
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Table II1.8.1: Closure Costs

City of Amarillo Solid Waste Disposal Facility
MSW Permit No. 73A

Item Quantity Unit I Unit Cost I Total

Engineering

Topo Survey 1 LS* $7,500 $7,500

Boundary Survey 40 HR $80 $3,200

Site Evaluation and Development of Plans 1 LS $25,000 825,000

Closure Plan 1 LS $10,000 $10,000

Construction Observation/Testing 400 HR 375 $30,000
Subtotal $75,700
Contingency 20% $15,140
Total Engineering $90,840
Construction

Plug and Abandon Wells 22 EA $8.000 $176.000

Plug and Abandon Piezometers 5 EA $5.000 $25.000

Fill to grade 1,129,333 CY $2.00 $2,258,667

Infiltration Layer (12 inches)

Placing/grading/compaction 848,013 CcYy $1.50 $1,272,020
Erosion/Vegetative Layer (24 inches) 1,697,227 CY $1.50 $2,545,840
Vegetation 526 | ACRE $1,000.00 $526,000
Backfill/grading/drainage 1 LS $100,000.00 $100,000
Methane Gas Control Wells 10 EA $1,000.00 $10,000

Subtotal $6;74255266.913.5260
Contingency 20% $4342.5051.382.705
Total Construction $8;055,0218.296.,231
Total Closure Costs (2005) $8,387.0718;145.871
5% increase for 2006 $8,806,4258,553165

5% increase for 2007

$9,246,7468,986:823

5% increase for 2008

$9,709,0849:429.864

* LS =Lump Sum
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Table I11.8.2: Post-Closure Care Costs
City of Amarillo Solid Waste Disposal Facility
MSW Permit No. 73A

Description | Quantity | Unit | Unit Costs | Total Costs

One-Time Costs
Site Post-Closure Plan Update 1 LS* $ 15,000 $15,000
Contingency 20% $3,000
Subtotal $18,000
Annual Costs
Site Inspections and Report 40 HR | § 80 $3,200
Correctional Plans & Specs 1 LS $ 3,500 $3,500
Site Monitoring Groundwater Wells**** 22 EA $ 1,250 $27,500
Site Monitoring Gas Probes 20 EA $ 50 $1,000
Maintenance** 1 LS $ 34,750 $34,750
Subtotal Annual Cost $69,950
Contingency 20% $13,990
Total Annual Costs $83,940
30-year Post-Closure Total***(2005) $2,536,200
5% increase for 2006 $2,663,010
5% increase for 2007 $2,796,161
S% increase for 2008 $2,935,969

Lump Sum

**  Maintenance may include leachate pumps, leachate collection system repairs, electrical, mowing, gate/fence repair,
erosion and access control, surface water control, seeding, monitor well maintenance, and methane gas system

repairs._See Table below.
ok

30-year Post-Closure Total includes the entire project site.

***%  Site Monitoring assumed semi-annual and includes wells and probes around the entire site.

Total Estimated Closure and Post-Closure Costs $12,645,053365,833
Itemized Maintenance Costs
Description Quantity | Unit Unit Costs Total Costs
Leachate Pumps 1 EA $2,750 $2,750
Leachate Collection System 1 YR $1,000 $1,000
Electrical 1 YR $500 $500
Mowing 526 AC $50 $26,300
Gate/fence Repair 1 YR $500 $500
EFOSI'OII and Access Control, Surface Water Control, 1 YR $1,000 $1,000
Seeding
Monitor Well Maintenance & Pump Replacement 1 EA $2,500 $2,500
Methane Gas System Repairs 20 EA $10 $200
Subtotal Annual Cost $34,750
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1.0 INTRODUCTION

This groundwater sampling and analysis plan (GWSAP) addresses the groundwater monitoring
and sampling program to be implemented at the City of Amarillo's Municipal Solid Waste
Landfill (MSWLF). The GWSAP is required by the Texas Commission on Environmental
Quality (TCEQ) Municipal Solid Waste Regulations and will meet the requirements of Title 30
Texas Administrative Code, Subchapter F “Analytical Quality Assurance and Quality Control”
and Subchapter J “Groundwater Monitoring and Corrective Action.” Once approved by the

TCEQ, this GWSAP will become part of the site operating record.

2.0 BACKGROUND SAMPLING

Background groundwater quality shall be established for monitored constituents by collecting
groundwater samples quarterly and analyzing the samples for the detection monitoring or
assessment monitoring constituents. Background sampling for inorganic and volatile organic
detection monitoring constituents shall be conducted quarterly for a two-year period [a total of
eight (8) sampling events]. This will allow the collection of groundwater data over the different
seasons of the year, which should demonstrate the effects that seasonal and temporal changes

may have on groundwater quality.

As described in Section 4.2, background determinations will be required if Appendix II
constituents are detected at quantifiable concentrations during the initial assessment monitoring
event. Background sampling for assessment monitoring constituents shall be conducted

quarterly for 1 to 2 years [a total of four (4) to eight (8) samples].

If additional samples are needed for the statistical analysis of either detection or assessment

monitoring constituents, they will be collected no closer than 30 days apart.

At the conclusion of the background monitoring period for either detection or assessment

monitoring, all the results will be thoroughly reviewed, and a statistical evaluation of the
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background monitoring shall be performed as described in Section 7 to determine the

background limits for each constituent.

The background concentrations of monitored constituents may be reviewed and updated every
two years by applying statistical methods described in Section 7 to data collected in the period
following the last update. Revision of background may be performed after receiving written

permission from TCEQ.

3.0 DETECTION MONITORING

Detection monitoring is the routine, periodic sampling that is conducted for purposes of detecting
a release relative to certain constituents. Regulations pertaining to Detection Monitoring are

codified at 30 TAC §330.407

3.1 Constituents

The constituents to be analyzed during the detection monitoring program are listed in Table 11.1.
At the request of the TCEQ (formerly the Texas Natural Resource Conservation Commission
[TNRCC]) during the initial preparation of this GWSAP, total alkalinity was substituted for
antimony, total dissolved solids for beryllium, dissolved iron for thallium, and dissolved
manganese for vanadium. In addition, ammonia was also added to the constituents to be
analyzed. The list of constituents includes 16 inorganics and 47 organics. The test methods to be
used for the constituents listed are presented in Table 11.2. If at a later date, the City determines
that any of these constituents are not being detected and are not expected to originate from the
waste contained in the MSWLF unit, the City may request a modification to the GWSAP for the

deletion, substitution, and/or addition of other constituents.

3.2 Frequency of Monitoring

Monitoring for the detection monitoring constituents will occur semiannually during the active
life of the MSWLF unit and the closure and post-closure care period, unless an alternate schedule

is approved by the Executive Director.
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3.3  Statistically Significant Increases Above Background

The determination of and responses to Statistically Significant Increases (SSIs) shall comply

with 30 TAC §407(b). A summary of this rule is follows.

Detection monitoring data shall be evaluated for indications of potential landfill releases by
comparing the sampling data with background concentrations for monitored constituents within
60 days after the end of each sampling event. A statistically significant increase (SSI) occurs
when the concentration of a monitored constituent is higher than its background concentration.
The TCEQ and any local pollution control agencies with jurisdiction must be notified within 14

days of this initial determination.

If an SSI is identified, field and laboratory quality control data should be examined. The
occurrence of the constituent in laboratory blanks or failure to meet other laboratory quality
control standards may suggest that analytical conditions contributed to the SSI and that re-
analysis of the sample may be required. The occurrence of a constituent in field quality control
samples may suggest field cross contamination or environmental sampling conditions which may

require re-sampling.

An SSI may be confirmed by collecting a verification sample from the affected well.
Verification sampling may be repeated for the affected well as long as all such sampling is

completed within 60 days of the initial determination.

If there is evidence that a source other than the landfill caused an SSI, or that an SSI resulted
from error in sampling, analysis, statistical evaluation, or natural variation in groundwater
quality, then an alternate source demonstration report providing documentation to this effect may
be submitted. The Landfill shall notify the TCEQ and any local pollution agency of the intent to
perform an alternate source demonstration within 14 days of identifying an SSI. The report must

be prepared and certified by a qualified groundwater scientist and submitted to the TCEQ within
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90 days of the initial determination of the SSI. Samples collected for the alternate source

demonstration shall not be filtered.

Assessment-monitoring—will-bereguiredIf an SSI is confirmed, or if a satisfactory alternate

source demonstration is not made, a record shall be placed in the site operating record, and

Assessment Monitoring shall be initiated.

34  Detection Monitoring Reports

An annual report documenting detection monitoring activities shall be submitted to the TCEQ

within 90 days following the last groundwater monitoring event of the calendar year.

This report shall include the following information determined since the last groundwater
monitoring report.

® The results of groundwater monitoring, testing, and analysis obtained under requirements
of the permit, including a summary of monitoring analyses together with graphs or
drawings, as appropriate (Data may be summarized on form TCEQ-0312, Appendix
11A);

e A summary of background water quality values, presentation of statistical calculations, a
statement as to whether an SSI over background occurred during the monitoring period,
and the status of any related verification sampling events or alternate source
demonstrations;

e A contour map of piezometric elevations in the uppermost aquifer based on concurrent
measurements, together with data or documentation used to prepare the map;

® The calculated groundwater flow rate and direction using data collected during the report
period, including documentation of all information used to make this calculation.

e Recommendations for changes;

e Other information requested by the TCEQ.
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3.5 Program Modification

If the Landfill determines that the Detection Monitoring Program no longer satisfies the
requirements of Title 30 Texas Administrative Code Section 330.407, then within 90 days of the
determination, the Landfill shall submit an application for a permit amendment or modification

to make appropriate changes to the program.

40  ASSESSMENT MONITORING

Assessment monitoring is triggered when a statistically significant increase (SSI) in one or more
detection monitoring constituents has been confirmed by 1 or more verification sampling events,
or cannot be rejected by an alternate source demonstration. Assessment monitoring will be

conducted in accordance with 30 TAC §4009.

4.1  Regulatory Summary

The requirements for Assessment Monitoring are codified at 30 TAC §330.409 as follows:

® §330.409 (a) and (b) establish the assessment program,

® §330.409 (c) specifies a basis for modifying the frequency of sampling the full set of
Appendix IT constituents; |

° §330.409 (d) establishes a semiannual monitoring program for detected Appendix II
constituents and requires determining background values and groundwater protection
standards;

e §330.409 (e) establishes the basis for discontinuing assessment monitoring;

° §330.409 (f) establishes the basis for continuing assessment monitoring;

° §330.409 (g) specifies actions to be taken when the groundwater protection standard is
exceeded,

e §330.409 (h), (i) and (j) specify how groundwater protection standards are determined,

e §330.409 (k) specifies the requirements for the annual assessment monitoring report.

City of Amarillo — Part III, Att-achment 11--App—H-4A 5 Kleinfelder
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4.2  Implementation

If an SSI has occurred, the Landfill shall immediately place a notice in the Site Operating
Record. An assessment monitoring program shall be initiated within 90 days of the notifying the
TCEQ that an SSI has occurred. The entire groundwater monitoring system, i.e. all monitor
wells, or an approved subset of wells, shall be sampled and analyzed for all constituents listed in

40 CFR 258 Appendix II (effective July 14, 2005)[hereafter, EPA Appendix II].

After the initial sampling, the TCEQ may be petitioned to authorize a reduced subset of wells to
be sampled and analyzed for EPA Appendix II constituents, and/or to authorize an alternate

sampling frequency.

If EPA Appendix II constituents are detected at quantifiable concentrations in point of
compliance wells at the initial sampling, then
® Implement monitoring for detected constituents on at least a semi-annual basis. These
results shall be reported to TCEQ within 60 days after each sampling event.
® Establish background concentrations for the detected EPA Appendix Il constituents using
4 to 8 background samples collected from the upgradient well(s), using statistical
methods described in Section 7.
e [Establish groundwater protection standards for each EPA Appendix IT constituent

detected in point of compliance wells in accordance with §409(h) or §409(i) or §409(j).

Detected EPA Appendix II constituents shall be added to the detection monitoring list and shall
be sampled and analyzed on a semiannual basis. Annually, however, the wells shall be sampled
for all EPA Appendix II constituents, unless the frequency is modified in accordance with

§330.409 (c).

4.3  Exceeding Groundwater Protection Standard

If the groundwater protection standard is exceeded, the City of Amarillo or the landfill operator

shall install additional monitor wells as necessary, including at least one additional monitor well
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between the next adjacent monitor wells along the point of compliance before the next sampling

event. These wells shall be sampled at the next assessment monitoring sampling event.

If contaminants have migrated offsite, the owner/operator shall notify owners and occupants of

land overlying the contaminant plume.

The City of Amarillo or landfill operator shall initiate assessment of corrective measures in

accordance with 30 TAC §330.411 within 90 days of notice to the TCEQ.

44  Assessment Monitoring Reports

Assessment monitoring results must be submitted to the TCEQ within 60 days after each

sampling event.

Not later than 60 days after a sampling event, the owner/operator shall determine if any EPA
Appendix II constituents were detected at concentrations above the groundwater protection
standard. If so, TCEQ and appropriate local agencies must be notified within 7 days of this

determination.

An annual report shall be submitted within 60 days after the second semiannual sampling event
each year. This report shall contain the following elements:
e A statement whether the groundwater protection standard has been exceeded;
® Groundwater monitoring data, including laboratory analyses, water level measurements,
summaries of background values and analytical data, and as appropriate, statistical
calculations, graphs and drawings;
* A contour map of the piezometric water levels in the uppermost aquifer;
e The groundwater flow rate and directions;
e Recommended changes;

® Other information requested by the TCEQ.
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4.5  Termination of Assessment Monitoring Program

If detected EPA Appendix II constituents are shown to be at or below background concentrations
for two successive sampling events, TCEQ shall be notified with a request to resume detection

monitoring.

5.0 SAMPLING PROTOCOL
5.1  Groundwater Elevation Monitoring and Well Inspection

Prior to purging and sampling, all groundwater monitor wells will be measured for depth to
water and total depth. To minimize the potential effects of water level fluctuation across the site,
the water levels in all the monitor wells will be measured first, then they will be purged and
sampled. During water level measurement events, each well will be inspected for damage to the
well casing, protective cover, lock, well cap, and concrete pad. In addition, the ground surface
around the well pads will be inspected for erosion. If any problems are discovered, they will be

addressed and the appropriate corrective action(s) will be rendered as soon as practicable.

Groundwater level measurements will be collected using an electric well sounder with a tape
marked in 1-foot increments with intermediate intervals marked in 0.01 foot. The groundwater
level measurement will be recorded to the nearest 0.01 foot from an established survey mark on
top of the monitor well casing. When a measurement is collected, the electric well sounder will
be raised and lowered two to three times to be sure the correct reading is read off the tape
measure. Water level measurements collected for each event will be recorded on the
Groundwater Sampling Report form (Form TCEQ-0312) or other form required by the TCEQ
(Appendix 11A).

5.2  Quality Assurance and Quality Control of Field Measurements

During each water level measurement event, the current measurements will be compared to the
readings recorded from the previous event. It is anticipated that the water levels in this area of

Texas should be fairly consistent for each monitor event. If an obvious discrepancy is
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encountered, the water level will be measured again to ensure the measurement was recorded

correctly.

Prior to collecting water level measurements, the electric sounder will be checked for damage,
including bends or kinks in the tape. To maintain consistency and precision, the same electric

well sounder will be used during each measuring event.

Prior to conducting the well purging activities, the pH and conductivity meters will be calibrated.
Calibration of the instruments will be in accordance with the manufacturer's procedures for the
particular instrument. At a minimum, the pH meter will be calibrated using standard calibration
solutions consisting of an acidic solution (pH < 7), basic solution (pH > 7), and a neutral solution
(pH = 7). The conductivity meter will be calibrated using standard solutions as recommended or

supplied by the manufacturer.

53 Groundwater Sample Collection

5.3.1 Well Purging and Decontamination Procedures

Prior to each sampling event, the groundwater level in each well and the total well depth will be
measured as described in Section 5.1. The volume of water to be removed from the well will be
calculated based on well casing volume. The wells will be purged of at least 3 well casing
volumes before collecting a groundwater sample. During purging, temperature, conductivity, and
pH will be measured in a separate glass, stainless steel container or flow cell. The parameters
will continue to be recorded throughout the entire purging of the well and until the readings
stabilize and/or the required well volume of water is removed. Wells that dewater prior to
achieving the 3 well casing volumes will be evacuated until dry then allowed to recharge before
collecting a groundwater sample. For slowly recovering wells, a sample will be collected as soon
as practicable to reduce the potential of volatilization in the well casing. Monitor wells that have
not sufficiently recovered after 7 days will be considered dry and not sampled. The
recommended recovery is 75% of the pre-purging water level. However, the sampler(s) may
collect samples from a well with less recovery provided that the water level sufficient to supply

the required sample volume from the dedicated sampling system, and provided that, in their
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professional judgment, the recovery represents fresh formation water as opposed to filter pack
drainage. For monitor wells that recharge quickly, a sample will be collected within 24-hours
following purging. The calculated and actual purge volume achieved as well as the field
parameters will be recorded on the Groundwater Sampling Report form (Form TCEQ-0312,
Appendix 11A), or other form acceptable to the TCEQ.

The method of well purging will consist of using dedicated submersible pumps installed in the
well casings. The pump intake will be set approximately halfway into the water column in the
well casing. The discharge rate on the pump will be regulated to allow no more than 1-foot of
drawdown for wells that can sustain continuous pumping without dewatering. This procedure
will minimize any cascading effects that may volatilize constituents in the groundwater entering
the well casing and will also minimize agitating any residual sediment that is in the bottom of the
well. If the pump system fails, then the monitor well will be purged with a dedicated PVC or
stainless steel bailer or back up submersible pump. If a bailer is used, a development rig will be
used to raise and lower the bailer. The bailer will be of sufficient size in order to efficiently
purge the well. The bailer will be lowered gently into the well casing and only submerged in the
upper half of the water column during purging. The bailer will not be lowered to the bottom of
the well. This procedure should minimize agitating any residual sediment that has collected in
the bottom of the well. In the event bailers are used, care will be taken to prevent the bailer from
coming into contact with the ground or potential contaminants that could be introduced into the
well. Any non-dedicated equipment used with the development rig including the cable to raise
and the lower the bailer, will be decontaminated between wells to avoid potential cross

contamination.

The monitor wells will be purged in order from the well with the maximum groundwater
elevation to the well with the minimum groundwater elevation, unless historical analytical data
indicates the presence of volatile organic constituents (VOC) to be tested. If groundwater
contains VOCs, then the order of purging and sampling will proceed from the well with the

minimum to maximum VOC concentrations.
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Prior to beginning each sample event and between wells, all non-dedicated equipment including
the electric well sounder will be decontaminated thoroughly to minimize the potential for cross
contamination. For non-dedicated submersible pumps, the decontamination procedures will
consist of pumping a nonphosphatic detergent or solution with potable water through the pump
system. Then the pump equipment will be flushed with potable water and cleaned a second time
with the decontamination solution. Following the second cleaning, the pump equipment will be
rinsed with potable water and given a final rinse with deionized water. If non-dedicated bailers

are used, the same decontamination procedures will be used.

During the purging operations, a record of the climatic conditions, condition of the wells and
surrounding ground surface, water turbidity, color, odors, water level, depth of well and purge
rate will be maintained and recorded on the Groundwater Sampling Report form (Appendix
11A), or other form acceptable to the TCEQ. Additional sheets will be attached if necessary. The
information will be recorded in ink and a copy of the information will remain on site at the

landfill office and will become part of the site operating record.

5.3.2 Groundwater Sample Collection and Handling Procedures

During groundwater collection, disposable latex gloves will be worn to minimize cross
contamination of samples and to reduce the possibility of coming into contact with groundwater
containing VOCs. Prior to collecting a groundwater sample, the monitor wells will be purged of
groundwater as described in Section 5.3.1. Purge water will be handled as discussed in Section
5.6. The monitor wells will be sampled in the same order they are purged. Samples will be
collected within 24-hours following purging, but typically the day of the purging activities. For
slowly recharging wells, samples will be collected when sufficient water is present to fill the
appropriate number of containers. If sufficient recharge does not occur within 7 days following
purging, then the well will be considered dry and samples will not be collected. A notation will
be recorded in the site operating plan explaining why the well(s) was not sampled.
Recommended sample containers, preservation, and holding times for the analyses listed in this

GWSAP are presented in Table 11.3. The sample containers will be filled in the following order:
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1) VOCs,
2) semi-volatiles or other organics, if collected,
3) total metals and dissolved constituents, and

4) other inorganics.

Samples will not be filtered in the field. In the case of analysis for dissolved constituents, the
sample will be filtered in the laboratory using a 0.45u membrane filter and will be preserved with

an appropriate acid such as nitric acid.

The samples will either be collected off the pump discharge or decanted from the bottom of the
bailers, if used. The containers for the VOCs will be tilted slightly during the filling process so
that the water runs down the inside of the container. If a pump is used, the pump discharge will
be regulated at the time of sampling so as to maintain a slow enough discharge rate as possible to
minimize cascading and volatilization as the sample containers are being filled. Once the
discharge rate is set for sampling, it will be maintained at that rate for a few minutes so that the
sample collected will not be from the period of time when the pump was operating at a higher
discharge rate. The sample containers will be held as close to the pump -discharge as possible
without touching to minimize the loss of volatiles. If bailers are used, the sample will be
decanted from the bottom of the bailer using a stop-cock to regulate flow. Once the sampling

program is initiated, the samples will be collected by the same method throughout the program.

Following the filling of each sample container, they will be labeled with the well number, date
and time collected, preservatives used, analyses to be performed, and sampler's initials. The
containers will be placed in zip-locked plastic bags. In addition, immediately after the sample is
collected, the temperature, pH, and conductivity will be measured again in either a glass or
stainless steel container or flow cell. The sample containers for each well will include as a
minimum, two-40 milliliter VOA glass vials with Teflon® septa screw caps for volatile organic
constituents (VOC), two-1 liter glass bottles for metals, and one-1 quart glass bottle with
Teflon® septa screw caps for inorganic and semi-volatile constituents. Sample containers for

VOCs (i.e., VOAs and quart glass bottles) will be completely filled and sealed carefully to
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prevent air bubbles. To check for air bubbles, invert the sample container and lightly shake it. If
an air bubble is present, then the sample will be discarded and the sample will be collected again.

All other sample containers for non VOCs will be filled as completely as possible.

Once the samples have been properly sealed and labeled as described above, they will be
recorded on a Chain-of-Custody (COC), signed and dated by the sampling technician(s). An
example of a typical COC is presented in Appendix 11B. The COC will accompany the samples
to the laboratory the same day they are collected. The readings for temperature, conductivity, and
pH will be submitted to the laboratory with the samples. The samples will be placed in a plastic
ice chest (similar to an igloo ice chest) with ice, and will be maintained as close as possible to 4
degrees centigrade until the analyses are performed. Precautions will be taken to secure the
samples in the ice chest to prevent them from breaking during transport. The samples will be
delivered to the laboratory as soon as possible, generally the same day they are collected,
therefore it will not be necessary to preserve the samples in the field, except samples collected
for dissolved constituent analyses. Any samples, other than the samples collected for dissolved
constituent analyses, requiring overnight transport to the laboratory will be collected in pre-

preserved sample bottles prepared and provided by the laboratory.

5.4  Quality Assurance and Quality Control Samples

To provide screening of field procedures, additional samples will be collected. A trip blank will
be prepared by the laboratory and will also accompany the sample containers and collected
samples to and from the laboratory. The trip blank will consist of filling two-40 milliliter VOA
vials with appropriate liquid designated by the laboratory performing the analyses. The purpose
of the trip blank is to assess whether any of the sample containers or collected samples have been
impacted before or during sampling. At least one trip blank will be prepared for each shipment of
sample containers. The equipment and trip blank samples will be handled in a similar fashion as
the other samples and will be analyzed for VOCs. On occasion, blind duplicate samples will be
collected to assess the precision of the sampling and laboratory methods. If duplicates are
collected, the duplicate sample will be collected from the same bailer water as was used to fill

the original sample.
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Duplicate samples should not be collected off the pump discharge. If needed, additional samples
can be obtained with a bailer for the purpose of collecting duplicate samples. The duplicate
sample should be collected from the same bailer water used to fill the original sample containers.
The blind samples will usually be collected from well(s) with the maximum concentrations of
VOCs. When a blind sample is collected, it will be handled in a similar fashion as the other
samples, but will be labeled in such a way that the laboratory does not know which sample is the

duplicate for QA/QC purposes.

5.5  Sampling in Adverse Weather Conditions

Sampling of the monitor wells will not be permitted during inclement weather, sandstorms, or
during periods when the temperature drops below freezing. Caution should be taken when the

temperature exceeds 100 degrees Fahrenheit.

5.6  Purge Water Handling Procedures

Purge and decontaminated water will be collected in approved Department of Transportation
(DOT) 55-gallon drums and stored onsite for subsequent disposal. The analytical data will be
reviewed to determine the proper disposal procedures. If needed, the TCEQ will be consulted to
assist in assessing proper disposal procedures. Purge and decontaminated water will be disposed

at an approved licensed facility.

6.0 ANALYTICAL TESTING
6.1  Laboratory Performing the Analyses

Analysis of landfill samples will be performed by either a NELAC accredited environmental
testing laboratory, or a non-accredited, in-house environmental testing laboratory meeting
requirements of 30 TAC §25.1(9) and §25.6. Presently, samples are analyzed by an in-house
laboratory, owned and operated by the City of Amarillo, which provides data only to City

departments for environmental compliance and enforcement, and for permits or authorizations

City of Amarillo — Part ITI, Attzachment 11:-App—HA 14 Kleinfelder
Landfill Permit Amendment Application Fanuary-July 2009
93651/WACSR045 Revised



issued to the City. In the event that the in-house laboratory ceases to qualify for the exception
under 30 TAC §25.6, then the City will use a NELAC-accredited laboratory having fields of

accreditation for the matrix, methods and analytes used for the landfill’s monitoring program.

6.2  Laboratory Procedures

The laboratory will analyze samples according to methods specified in “Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods” (U. S. Environmental Protection Agency
Publication Number SW-846), 31 Edition, September 1986, as revised or updated, or by other
equivalent or better methods accepted by the TCEQ.

The PQL is defined as the lowest concentration reliably achieved within specified limits of
precision and accuracy during routine laboratory operating conditions and is analogous to the
limit of quantitation definition in the most recent available National Environmental Laboratory
Accreditation Conference (NELAC) Standard. The PQL is method, instrument, and analyte
specific and may be updated as more data becomes available. The PQL must be below the
groundwater protection standard established for that analyte as defined by 30 TAC Section
330.409(h) unless approved otherwise by the TCEQ. The precision and accuracy of the PQL
shall be initially determined from the PQLs reported over the course of a minimum of eight
groundwater monitoring events. The results obtained from these events shall be used to
demonstrate that the PQLs meet the specified precision and accuracy as shown in the Table 11.4
below. The PQL will be supported by analysis of a PQL check sample, which is a laboratory
reagent grade sample matrix spiked with chemicals of concern at concentrations equal to or less
than the PQL. At a minimum, a PQL check sample will be performed quarterly during the
calendar year to demonstrate that the PQL continues to meet the specified limits for precision

and accuracy as defined in the table below.

For analytes that the established PQL cannot meet the precision and accuracy requirements in the
table above, the owner/operator will ensure the laboratory will submit sufficient documentation

and information to the TCEQ for alternate precision and accuracy limits on a case by case basis.
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Non-detected results will be reported as less than the established PQL limit that meets these

precision and accuracy requirements.

6.3  Data Review and Laboratory Case Narrative

All analytical data submitted under the requirements of this permit will be examined by the
owner and/or operator to ensure that the data quality objectives are considered and met prior to
submittal for the commission to review. The owner or operator will determine if the results
represent the sample are accurate and complete. The quality control results, supporting data, and
data review by the laboratory must be included when the owner/operator reviews the data. Any
potential impacts will be reported such as the bias on the quality of the data, footnotes in the

report, and anything of concern that was identified in the laboratory case narrative summary.

The owner or operator will ensure that the laboratory documents and reports all problems and
observed anomalies associated with the analysis. If analysis of the data indicates that the data
fails to meet the quality control goals for the laboratory’s analytical data analysis program, the
owner or operator will determine if the data is usable. If the owner and/or operator determines
the analytical data may be utilized, any and all problems and corrective action that the laboratory

identified during the analysis will be included in the report submitted to the TCEQ.

A Laboratory Case Narrative (LCN) report for all problems and anomalies observed must be
submitted by the owner and/or operator. The LCN will report the following information:
1. The exact number of samples, testing parameters and sample matrix.

2. The name of the laboratory involved in the analysis. If more than one laboratory is used,
all laboratories shall be identified in the case narrative.

3. The test objective regarding samples.

4. Explanation of each failed precision and accuracy measurement determined to be outside
of the laboratory and/or method control limits.

5. Explanation if the effect of the failed precision and accuracy measurements on the results
induces a positive or negative bias.
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6. Identification and explanation of problems associated with the sample results, along with
the limitations these problems have on data usability.

7. A statement on the estimated uncertainty of analytical results of the samples when
appropriate and/or when requested.

8. A statement of compliance and/or noncompliance with the requirements and
specifications. Exceedance of holding times and identification of matrix interferences
must be identified. Dilutions shall be identified and if dilutions are necessary, they must
be done to the smallest dilution possible to effectively minimize matrix interferences and
bring the sample into control for analysis.

9. Identification of any and all applicable quality assurance and quality control samples that
will require special attention by the reviewer.

10. A statement on the quality control of the analytical method of the permit and the
analytical recoveries information shall be provided when appropriate and/or when
requested.

In addition to the LCN, the following information must be submitted for all analytical data:

1. A table identifying the field sample name with the sample identification in the laboratory
report,

2. Chain of custody.

3. An analytical report that documents the results and methods for each sample and analyte
to be included for every analytical testing event. These test reports must document the
reporting limit/method detection limit the laboratory used.

4. A release statement must be submitted from the laboratory. This statement must state “I
am responsible for the release of this laboratory data package. This data package has
been reviewed by the laboratory and is complete and technically compliant with the
requirements of the methods used, except where noted by the laboratory in the attached
exception reports. By my signature below, I affirm to the best of my knowledge, all
problems/anomalies, observed by the laboratory as having the potential to affect the
quality of the data, have been identified by the laboratory in the Laboratory Review
Checklist, and no information or data have been knowingly withheld that would affect the
quality of the data.”

a. If it is an in-house laboratory, it must have the following statement: “This
laboratory is an in-house laboratory controlled by the person responding to rule.
The official signing the cover page of the rule-required report (for example, the
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APAR) in which these data are used is responsible for releasing this data package
and is by signature affirming the above release statement is true.”

5. If the data is from soil and/or sediment samples, it must be reported on a dry weight basis
with the percent solids and the percent moisture reported so that any back calculations of
the wet analysis may be preformed.

A laboratory review checklist shall be submitted with all groundwater analytical data documents.
An example laboratory review checklist is presented in Appendix 11C. For every response of
"No, NA, or NR" that is reported on the checklist, the permittee will ensure the laboratory

provides a detailed description of the “exception report” in the summary of the LCN.

7.0  STATISTICAL METHODS

The groundwater monitoring data will be evaluated to determine statistically significant increases
(SSIs) above background values for each constituent listed in Table 11.1. The statistical analyses
will be performed in accordance with 31 TAC 330.407 (e) and (f), using commercially available
software, such as SANITAS. The statistical method currently used following establishment of
background data for the currently approved groundwater monitoring system (February 1995 through
October 1996) consists of two methods. One method is a control chart (CUSUM) and the other
method is intra-well parametric and non-parametric prediction limits (PL). The rationale for
utilizing these methods was presented in HDR’s October 9, 1997 response to comments letter to the

TCEQ.

The Landfill may use statistical tests other than those approved by TCEQ in Section 330.405(e),
provided that the test meets the performance standards of Section 330.405(f) and provided that a

satisfactory justification has been submitted to the TCEQ.
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Table 11.1: Detection Monitoring Constituents

Total Alkalinity 1,2-Dichloroethane
Arsenic 1, 1 -Dichloroethylene
Barium cis-1,2-Dichloroethylene
Total Dissolved Solids trans- 1,2-Dichloroethylene
Cadmium 1,2-Dichloropropane
Chromium cis-1,3-Dichloropropene
Cobalt trans-1,3-Dichloropropene
Copper Ethylbenzene
Lead 2-Hexanone
Nickel Methyl bromide
Selenium Methyl chloride
Sliver Methylene bromide
Dissolved iron Methylene chloride
Dissolved Manganese Methyl ethyl ketone
Zinc Methyl iodide
Ammonia 4-Methyl-2-pentanone
Styrene
1,1,1,2-Tetrachloroethane
Acetone 1,1,2,2-Tetrachloroethane
Acrylonitrile Tetrachloroethylene
Benzene Toluene
Bromochloromethane 1,1,1-Trichloroethane
Bromodichloromethane 1,1,2-Trichloroethane
Bromoform Trichloroethylene
Carbon disulfide Trichlorofluoromethane
Carbon tetrachloride 1,2,3-Trichloropropane
Chlorobenzene Vinyl acetate
Chloroethane Vinyl chloride
Chloroform Xylenes (total)

Dibromochloromethane
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
o-Dichlorobenzene,(1,2)
p-Dichlorobenzene (1,4)
trans- 1,4-Dichloro-2-butene
1,1-Dichloroethane
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Table 11.2: Test Methods and Containers

CONSTITUENT METHOD
Volatile Organic Constituents| 8260B
Total Alkalinity 310.1, titration, sulfuric acid
Total Dissolved Solids 160.1
Arsenic ICP 6010C, ICPMS 6020A
Barium ICP 6010C, ICPMS 6020A
Cadmium ICP 6010C, ICPMS 6020A
Chromium ICP 6010C, ICPMS 6020A
Cobalt ICP 6010C, ICPMS 6020A
Copper ICP 6010C, ICPMS 6020A
Lead ICP 6010C, ICPMS 6020A
Nickel ICP 6010C, ICPMS 6020A
Selenium ICP 6010C, ICPMS 6020A
Silver ICP 6010C, ICPMS 6020A
Dissolved Iron ICP 6010C, ICPMS 6020A
Dissolved Manganese ICP 6010C, ICPMS 6020A
Zinc ICP 6010C, ICPMS 6020A
Ammonia 350.3, ion electrode

Containers & Preservation

Volatiles - Method 8260B - 3, 40-ml VOA Vials)

Metals - Methods ICP 6010 and ICPMS 6020 - 2, 1-liter, plastic,
kept cold; one preserved with HNO; to pH <2; one with no
preservative.

Ammonia — Method 350.3 - 1, 500-ml, glass, preserved with HySOy,

The above test methods are taken from EPA SW-846, Test Methods for Evaluating Solid
Waste, Third Edition, Update IITB, November 2004. All samples shall be analyzed by SW846
methods or other methods accepted by the TCEQ.
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Table 11.3: Sample Containers, Preservation, and Holding Times

Recommended ; Maximum Holding Minimum
Parameter . Preservation :
Containers Time Volume

pH P,.G None Analyze immediately 25 ml
Spec. Cond. P,G None Analyze immediately 100 ml
Temperature P,G None Analyze immediately
Heavy Metals PG *Acidify w/HNO; 6 months except 1 liter
(includes iron to pH<2, 4°C 28 days for Hg
and manganese)
Calcium, P.G 4°C 28 days 1 liter
Magnesium,
Sodium, Potassium,
Fluoride, Sulfate,
Chloride, and
Hardness
Total Dissolved P.G 4°C 7 days 1 liter
Solids (TDS) (may
be included with
above parameters)
Nitrate P,G 4°C 48 hrs 100 ml
Ammonia P,G 4°C; acidifyw/H,S04,| 7 days; 28 days if 500 ml

to pH<2, 4°C acidified
Alkalinity P,G 4°C 48 hrs 200 ml
NPOC G amber, T- 4°C; acidify 48 hrs; 28 days if 100 ml/

lined caps w/HC1 to pH<2, acidified replicate

4°C
Chemical Oxygen | P,G 4°C; acidify 48 hrs; 28 days if 100 ml
Demand (COD) w/H,S0,, to pH<2, acidified

4°C
Semi-volatile G, T-lined caps | 4°C 7 days until extraction, | 1 liter
organic constituents then analyze within 40
(SVOCQC) days
Biological Oxygen P,.G 4°C 24 hrs 1 liter
Demand (BOD)
Volatile Organic G, T-lined septa | 4°C; acidify 14 days 2x40 ml
Constituents (VOCs) w/HC1 to pH<2,

4°C
P=Polyethylene, G=Glass, T=Teflon.
*If analyzing for dissolved metals, filter in the lab before acidifying.
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Table 11.4 QC Specification Limits for the PQL and Lower Limit of Quantitation Check

Samples
CcocC Precision (% Accuracy (%
RSD) Recovery)

Metals 10 70-130

Volatiles 20 50-150

Semi-volatiles 30 50-150
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Appendix 11A: Groundwater Sampling Report, Form TCEQ-0312
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY
Waste Permits Division, Municipal Solid Waste Permits Section
Groundwater Sampling Report

al

/

=
TCEQ

Facility name 1. MSW permit no.

(Essential Field)
Permittee 2. Monltor well no.

(Essential Field)
County. 3. Date of sampling

(Essential Field)
Name of sampler. Most recent previous sampling
Affiliation of sampler Date of water level measurements
If split-sampled, with whom? Datum reference point
Integrity of well Datum elevation*
Installation date Depth to water (below datum)*

4, \Water [evel elevation™

5. Purging/Sampling method (enter Bailer er Pump) 11, Sample Event
Were low-flow methods used? [ ]Jyes [ ]no (check one) (enter one of the salections below)
If yes, what volume was purged? + Background + Corrective Action
* Deteclion Monitoring + OCther
6. Well volumes purged (enter 1,2, 2.5, 3, elc) * Assessment
7. Was the well dry before purging? [ ]yes [ ]no (checkone) 12. Sample Schedule
(enter one of the selactions belovw)
8. Was the well dry after purging? [ ]yes [ ]no (checkone) * Quarterly * Fourth Year
» Semi-Annual » Other
9. How long before sampling? * Annual
(enter tims)
10. Unit of measure? i 13. Sample Type
(days, hours, or mins) (enter one of the selections below)
* Regular * Split
* Duplicate * Other
* Resample
Field Measurements: 14. pH
15. Spec. cond. 16. [ Jumholem or [ ] mmhofcm (check one)
17. Temp. 18. [ 1°F or [ 1°C (checkone)
Laboratory: 19. Name Phone
Address
Representative
- (name) (signature) (date)
Site operator

or representative:

(name) (signature) (date)

*Report depth to water and elevations to nearest 0.01 foot relative to mean sea level (MSL).

TCEQ-0312 (rev. 04/21/04) page 1 of 4
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Waste Permits Division, Municipal Solid Waste Permits Section
Groundwater Sampling Report

4

lln
Ml

(

HEAVY METALS

CONSTITUENT CONCENTRATION REPORTING LIMITS® - METHOD
Antimony i D2 pg/l Mg/l
Arsenic T D pa/l Mg/l
Barium T D ugfl Mall
Beryllium T D ugll Mg/l
Cadmium T D Hall pgh
Chromium T D Hgft pght
Caobalt T D Hafl pall
Copper T D Hght Hafl
Lead T D Hg/l Hall
Mercury T D pgh pan
Nickel T D uall pgfl
Selenium T D ugfl uall
Silver T D Hg/l pghl
Thallium T D Mg/l Hall
Vanadium T D pgfl uah
Zinc T D Hg/l pafl
iron T D mg/l ma/l
Manganese T D mag/l mall

2 Indicate whether analyses for Total (T) or Dissolved (D); use two pages If both are run, If analyses for dissolved
concentrations, Indicate filter poresize [ 10.45, [ 11, [ 110, [ ]1.___ milcron, and whether filtered [ ] in field
or [ ]inlaboratory. :

Indicate If reporting limits are PQLs or MDLs.
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4

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Waste Permits Division, Municipal Solid Waste Permits Section
Groundwater Sampling Report

M.

VOLATILE ORGANIC COMPOUNDS (VOCs) '

CONSTITUENT CONCENTRATION (ug/L) REPORTING LIMIT (ug}L}2 METHOD CAS NO.
Acetone 67-64-1
Acrylonitrile o 107131
Benzene 71-43-2
Bromochloromethane 74-97-5
Bromodichloromethane 75-27-4
Bromaform 75-25-2
Carbon disulfide 75-15-0
Carbon tetrachloride 58-23-5
Chlorcbenzene 108-90-7
Chloroethane 75-00-3
Chloroform 67-66-3
Dibromochloromethane 124-48-1
1,2-Dibrome-3-chloropropane 96-12-8
1,2-Dibromoethane 106-93-4
o-Dichlorobenzene (1,2) 95-50-1
p-Dichlorabenzene (1,4) 106-46-7
trans-1,4-Dichlore-2-butene 110-57-6
1,1-Dichloroethane 75-34-3
1,2-Dichloroethane 107-06-2
1,1-Dichleroethylene 75-35-4
cis-1,2-Dichloroethylene 156-59-2
trans-1,2-Dichloroethylene 156-60-5
1,2-Dichloropropane 78-87-5
cis-1,3-Dichloropropene 10061-01-5
trans-1,3-Dichlorepropene 10061-02-6
Ethylbenzene 100-41-4
2-Hexanone 591-78-6
Methyl bromide 74-839
Methyl chlaride 74-87-3
Methylene bromide 74-95-3
Methylene chloride 75-08-2
Methyl ethyl ketone 78-93-3
Methyl iodide 74-88-4
4-Methyl-2-pentanone 108-10-1
Styrene 100-42-5
1,1,1,2-Tetrachloroethans 630-20-6
1,1,2,2-Tetrachloroethane 79-34-5
Tetrachloroethylene 127-18-4
Toluene 108-88-3
1,1,1-Trichloroethane 71-55-6
1,1,2-Trichloroethane 79-00-5
Trichloroethylene 79-01-6
Trichloroflucremethane 75-69-4
1,2,3-trichloropropane 96-18-4
Vinyl acetate 108-05-4
Vinyl chloride 75-01-4
Xylenes (total) 1330-20-7

Samples for VOCs must not be flitered.
2 |ndicate If reporting limits are PQLs or MDLs.
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g TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

s E Waste Permits Division, Municipal Solld Waste Permlts Section
% Groundwater Sampling Report
OTHER CONSTITUENTS
CONSTITUENT CONCENTRATION? REPORTING LIMIT?%?® METHOD

1 Indicate whether analyses for Total (T) or Dissolved (D) concentrations. If analyses for dissolved concentrations,

indicate filter pore size [ ] 0.45,[ 11, [ 110, [ ]__ mlcron, and whether filtered [ ] In field or [ ]In laboratory.

2 Indicate If reporting limits are PQLs or MDLs.

3 Show units of concentration and reporting limit.

TCOFQ-N312 frav Q4I2104) nana dnfd
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Appendix 11B: Chain of Custody Form
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(insert form)
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Appendix 11C: Example Laboratory Checklist
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Laboratory Data Package Cover Page
This data package consists of’
J This signature page, the laboratory review checklist, and the following reportable data:
N R1 Field chain-of-custody documentation;
[ R2  Sample identification cross-reference;
L R3  Test reports (analytical data sheets) for each environmental sample that includes:
a) Items consistent with NELAC 5.13 or ISO/IEC 17025 Section 5.10
b) dilution factors,
¢) preparation methods,
d) cleanup methods, and
e) if required for the project, tentatively identified compounds (TICs).
H R4  Surrogate recovery data including:
a) Calculated recovery (%R), and
b) The laboratory’s surrogate QC limits.
[ R5 Test reports/summary forms for blank samples;
[ R6  Test reports/summary forms for laboratory control samples (LLCSs) including:
a) LCS spiking amounts,
b) Calculated %R for each analyte, and
¢) The laboratory’s LCS QC limits.
0 R7 Test reports for project matrix spike/matrix spike duplicates (MS/MSDs) including:
a) Samples associated with the MS/MSD clearly identified,
b) MS/MSD spiking amounts,
c) Concentration of each MS/MSD analyte measured in the parent and spiked samples,
d) Calculated %Rs and relative percent differences (RPDs), and
e) The laboratory’s MS/MSD QC limits
0 R8 Laboratory analytical duplicate (if applicable) recovery and precision:
a) the amount of analyte measured in the duplicate,
b) the calculated RPD, and
c) the laboratory’s QC limits for analytical duplicates.
O R9  List of practical quantitation limits (PQLs) for each analyte for each method and matrix;
[ R10 Other problems or anomalies.
O The Exception Report for every “No” or “Not Reviewed (NR)” item in laboratory review checklist.

Release Statement: I am responsible for the release of this laboratory data package. This data package has
been reviewed by the laboratory and is complete and technically compliant with the requirements of the
methods used, except where noted by the laboratory in the attached exception reports. By my signature
below, I affirm to the best of my knowledge, all problems/anomalies, observed by the laboratory as
having the potential to affect the quality of the data, have been identified by the laboratory in the
Laboratory Review Checklist, and no information or data have been knowingly withheld that would
affect the quality of the data.

Check, if applicable: [ This laboratory is an in-house laboratory controlled by the person responding to
rule. The official signing the cover page of the rule-required report (for example, the APAR) in which
these data are used is responsible for releasing this data package and is by signature affirming the above
release statement is true.

Name (Printed) Signature Official Title (printed) Date
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Laboratory Review Checklist: Reportable Data

Laboratory Name: LRC Date:

Project Name: Laboratory Job Number:

Reviewer Name: Prep Batch Number(s):

# | A2

Description

Yes

No [NA®[NR?

ER#

RI | O1

Chain-of-custody (C-0-C)

Did samples meet the laboratory’s standard conditions of sample acceptability upon receipt?

Were all departures from standard conditions described in an exception report?

R2 |01

Sample and quality control (QC) identification

Are all field sample ID numbers cross-referenced to the laboratory 1D numbers?

Are all laboratory 1D numbers cross-referenced to the corresponding QC data?

R3 |01

Test reports

Were all samples prepared and analyzed within holding times?

Other than those results < PQL, were all other raw values bracketed by calibration standards?

Were calculations checked by a peer or supervisor?

Were all analyte identifications checked by a peer or supervisor?

Were sample quantitation limits reported for all analytes not detected?

Were all results for soil and sediment samples reported on a dry weight basis?

Were % moisture (or solids) reported for all soil and sediment samples?

If required for the project, TICs reported?

R4 (O

Surrogate recovery data

Were surrogates added prior to extraction?

Were surrogate percent recoveries in all samples within the laboratory QC limits?

RS |01

Test reports/summary forms for blank samples

Were appropriate type(s) of blanks analyzed?

Were blanks analyzed at the appropriate frequency?

‘Were method blanks taken through the entire analytical process, including preparation and, if
applicable, cleanup procedures?

Were blank concentrations < PQL?

R6 |OI

Laboratory control samples (LCS):

Were all COCs included in the LCS?

Was each LCS taken through the entire analytical procedure, including prep and cleanup steps?

Were LCSs analyzed at the required frequency?

Were LCS (and LCSD, if applicable) %Rs within the laboratory QC limits?

Does the detectability data document the laboratory’s capability to detect the COCs at the MDL used
to calculate the SQLs?

Was the LCSD RPD within QC limits?

R7 |01

Matrix spike (MS) and matrix spike duplicate (MSD) data

Were the project/method specified analytes included in the MS and MSD?

Were MS/MSD analyzed at the appropriate frequency?

Were MS (and MSD, if applicable) %Rs within the laboratory QC limits?

Were MS/MSD RPDs within laboratory QC limits?

R8 |01

Analytical duplicate data

Were appropriate analytical duplicates analyzed for each matrix?

Were analytical duplicates analyzed at the appropriate frequency?

Were RPDs or relative standard deviations within the laboratory QC limits?

R9 |01

Practical quantitation limits (PQLs):

Are the PQLs for each method analyte included in the laboratory data package?

Do the PQLs correspond to the concentration of the lowest non-zero calibration standard?

Are unadjusted PQLs included in the laboratory data package?

R10 |01

Other problems/anomalies

Are all known problems/anomalies/special conditions noted in this LRC and ER?

Were all necessary corrective actions performed for the reported data?

Was applicable and available technology used to lower the SQL minimize the matrix interference

affects on the sample results?
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Items identified by the letter “R” must be included in the laboratory data package submitted in required report(s). Items identified by the letter “S”
should be retained and made available upon request for the appropriate retention period.

2. = organic analyses; I=inorganic analyses (and general chemistry, when applicable);

3. NA = Not applicable; and NR = Not reviewed;

4. ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR” or “No” is checked on the

LRC)
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Laboratory Review Checklist: Reportable Data

Laboratory Name: LRC Date:
Project Name: Laboratory Job Number:
Reviewer Name: Prep Batch Number(s):
#' | A’ |Description Yes [No |NA® |[NR® |ER#

S1

OI |Initial calibration (ICAL)

Were response factors and/or relative response factors for each analyte within QC limits?
Were percent RSDs or correlation coefficient criteria met?

Was the number of standards recommended in the method used for all analytes?

Were all points generated between the lowest and highest standard used to calculate the curve?
Are ICAL data available for all instruments used?

Has the initial calibration curve been verified using an appropriate second source standard?

Ol [Initial and continuing calibration verification (ICCV and CCV) and continuing calibration

Was the CCV analyzed at the method-required frequency?

Were percent differences for each analyte within the method-required QC limits?
Was the ICAL curve verified for each analyte?

Was the absolute value of the analyte concentration in the inorganic CCB < MDL?

O |Mass spectral tuning:

Was the appropriate compound for the method used for tuning?
Were ion abundance data within the method-required QC limits?

O |Internal standards (IS):

Were IS area counts and retention times within the method-required QC limits?

S5

Ol |Raw data (NELAC section 1 appendix A glossary, and section 5.12 or ISO/IEC 17025 section
4.12.2) (ONLY USE DATA FOR EPA LEVEL 3 QA/QC REVIEW, IF RAW DATA NOT
APPLICABLE, THEN CHANGE APPROPRIATELY).

Were the raw data (for example, chromatograms, spectral data) reviewed by an analyst?
Were data associated with manual integrations flagged on the raw data?

O |Dual column confirmation

Did dual column confirmation results meet the method-required QC?

O |Tentatively identified compounds (TICs):

If TICs were requested, were the mass spectra and TIC data subject to appropriate checks?

1 Interference Check Sample (ICS) results:

Were percent recoveries within method QC limits?

1 Serial dilutions, post digestion spikes, and method of standard additions

Were percent differences, recoveries, and the linearity within the QC limits specified in the method?

Ol |Method detection limit (MDL) studies

Was a MDL study performed for each reported analyte?

Is the MDL either adjusted or supported by the analysis of DCSs?

OI |Proficiency test reports:

Was the laboratory's performance acceptable on the applicable proficiency tests or evaluation studies?

Ol |Standards documentation

Are all standards used in the analyses NIST-traceable or obtained from other appropriate sources?

Ol |Compound/analyte identification procedures

Are the procedures for compound/analyte identification documented?

OI |Demonstration of analyst competency (DOC)

Was DOC conducted consistent with NELAC Chapter 5C or ISO/IEC 47
Is documentation of the analyst’s competency up-to-date and on file?

Ol |Verification/validation documentation for methods (NELAC Chap 5 or ISO/IEC 17025 Section 5)

Are all the methods used to generate the data documented, verified, and validated, where applicable?

Ol |Laboratory standard operating procedures (SOPs):

Are laboratory SOPs current and on file for each method performed?

Items identified by the letter “R” should be included in the laboratory data package submitted to the TCEQ in the required report(s). Items identified
by the letter “S” should be retained and made available upon request for the appropriate retention period.

2 O=organic analyses; 1= inorganic analyses (and general chemistry, when applicable).

3 NA = Not applicable.

4 NR = Not Reviewed.

5  ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR” or “No” is checked).
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Appendix A (cont’d): Laboratory Review Checklist: Exception Reports

Laboratory Name: LRC Date:
Project Name: Laboratory Job Number:
Reviewer Name: Prep Batch Number(s):

ER# |DESCRIPTION

ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR” or “No” is checked

on the LRC
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Appendix 11D: Site Safety Plan
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This Site Safety Plan has been presented herein to provide guidance when conducting groundwater
and sampling activities at the site. Any other site specific health and safety procedures prepared by
the City of Amarillo shall be adhered to. Personnel designated to perform the groundwater
monitoring and sampling program should be trained in the operation, maintenance, and calibration of
the sampling equipment. There should be two people at all times performing the monitoring and
sampling activities. At the end of this plan is a site map that shows the well locations, routing to and
from the wells, and entrance/exit to the facility. In case of emergency, it is recommended that all
personnel meet at the landfill office located on the western side of the landfill, unless a specific
location has been selected by the City of Amarillo management. The following safety precautions

are recommended:

° During the monitoring and sampling activitics, smoking and eating will not be permitted. These
activities should only be permitted in designated areas and after washing hands with soap and
water.

® At a minimum Level D protection should be worn at all times. Because groundwater is involved
with this activity the protective gear should at least consist of coveralls, gloves, safety glasses or
goggles, boots, and hard hat.

® Because the potential for methane and other gases to build-up in the monitor wells, extra
precaution should be taken when opening monitor wells that have been closed for a period of
time. Any equipment that may be a spark hazard should be removed from the area before
opening the well. It is recommended to have a methane monitoring device, i.e. explosimeter,
during sampling to monitor the air space around the well head prior to opening the well. If
concentrations are within five percent or greater by volume of methane, then the well should be
vented until readings decrease to zero. |

® While working around the wells, an adequate working area should be maintained to allow free
movement. In heavy traffic areas, the working area should be delineated with barriers or caution
tape. Personnel should be aware of construction equipment and refuse trucks around the area at
all times. In areas that are obstructed from view, adequate signs should be posted to warn on-

coming vehicles that personnel are working in the area and that caution should be taken.
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Since many of the constituents being analyzed are considered carcinogens, Material Safety Data
Sheets (MSDS) should be posted at the facility and consulted on a regular basis. For this type of
work the primary exposure routes will be by ingestion and skin absorption. Therefore, extra
precaution should be given to avoid coming into contact with groundwater that is potentially
impacted with volatile organic constituents. Personnel should thoroughly wash their hands with

soap and water after completing the sampling activities and before they leave the site.
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7.0 ESTIMATED COSTS

Table II1.12.1 summarizes the estimated costs for final closure of the largest area requiring final cover.
The unit costs used are based on recent projects and prices. The estimated costs will be updated annually
or as required to reflect any increased or decreased costs in construction or materials or the closure of
particular cells. A copy of the revised closure costs will be submitted to the Commission.

Table 111.12.1: Closure Costs
CITY OF AMARILLO LANDFILL
COST ESTIMATE FOR CLOSURE OF THE LARGEST AREA
(LARGEST AREA ESTIMATED AT 526 ACRES)
MSW Permit No. 73A

Item Quantity Unit Unit Cost Total

Engineering

Topo Survey 1 LS* $7,500 $7,500

Boundary Survey 40 HR $80 $3,200

Site Evaluation and Development of Plans 1 LS $25,000 $25,000

Closure Plan 1 LS $10,000 $10,000

Construction Observation/Testing 400 HR $75 $30,000
Subtotal $75,700
Contingency 20% $15,140
Total Engineering $90,840
Construction

Plug and Abandon Wells 22 EA 8.000 $176.000

Plug and Abandon Piezometers 5 EA $5.000 $25.000

Fill to grade CY $2.00 $2,258,667

1,129,333

Infiltration Layer (12 inches)

Placing/grading/compaction 848,013 CY $1.50 $1,272,020
Erosion/Vegetative Layer (24 inches) 1,697,227 CY $1.50 $2,545,840
Vegetation 526 | ACRE $1,000.00 $526,000
Backfill/grading/drainage 1 LS $100,000.00 $100,000
Methane Gas Control Wells 10 EA $1,000.00 $10,000

Subtotal $6;42,5266.913.526
Contingency 20% $4:342,5051.382.705
Total Construction $8;055,0318,296,231
Total Closure Costs (2005) $8,387.071
5% increase for 2006 $8.806,425
5% increase for 2007 $9.,246,746
5% increase for 2008 $9,709.084
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