




 

U.S. Army Corps of Engineers, Fort Worth District 
819 Taylor Street, Fort Worth, TX 76102 

 

 
 
 
 
 
 

Permit Modification 
Application 
Fort Bliss Municipal Solid Waste 
Landfill Permit 1422 

 
 
 
 
July 31, 2014 
Previous Modifications: 
March 2008 Application (issued March 11, 2009) 
October 2011 Application (issued July 5, 2012) 
 

 

 

 
 

 Prepared By: 

ARCADIS U.S., Inc. 
2929 Briarpark Drive 
Suite 300 
Houston, Texas 77042Tel 713 953 4800 
Fax 713 977 4620 
 

 

04675026.0000 
 

ARCADIS U.S., Inc.  
TX Engineering License # F-533 
 

 





 
 

Table of Contents 
 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Permit Modification – Fort Bliss Municipal Solid Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
 

i 

 

TCEQ Core Data Form 

Executive Summary ES-1 

1. Part I of the Application 1-1 

1.1. Part I Permit Application ............................................................................................... 1-1 

2. Part II of the Application 2-1 

2.1. Existing Conditions Summary ....................................................................................... 2-1 
2.2. Waste Acceptance Plan ................................................................................................ 2-2 

2.2.1. Sources and Characteristics of Wastes ........................................................ 2-2 
2.2.2. Qualification for Registration ......................................................................... 2-3 

2.3. General Location Maps ................................................................................................. 2-3 
2.3.1. Prevailing Wind Direction with a Wind Rose ................................................. 2-3 
2.3.2. Known Water Wells ....................................................................................... 2-3 
2.3.3. Structures and Inhabitable Buildings ............................................................. 2-4 
2.3.4. Schools, Licensed Day-cares, Churches, Residential/ Commercial/ 

Recreational areas ........................................................................................ 2-4 
2.3.5. Roads Within One mile .................................................................................. 2-4 
2.3.6. Latitude and Longitude .................................................................................. 2-4 
2.3.7. Area Streams ................................................................................................ 2-5 
2.3.8. Airports .......................................................................................................... 2-5 
2.3.9. Property Boundary ........................................................................................ 2-5 
2.3.10. Drainage, Pipeline, Utility Easements ........................................................... 2-5 
2.3.11. Facility Access Control Factors ..................................................................... 2-6 
2.3.12. Archaeological Sites, Historical Sites, Sites with Exceptional Aesthetic 

Qualities......................................................................................................... 2-6 
2.4. Facility Layout Maps ..................................................................................................... 2-6 

2.4.1. Outline of Units .............................................................................................. 2-6 
2.4.2. Roadways ...................................................................................................... 2-7 
2.4.3. Monitoring Wells ............................................................................................ 2-7 
2.4.4. Locations of Buildings ................................................................................... 2-8 
2.4.5. Proposed Construction Sequence ................................................................ 2-8 
2.4.1. Fencing .......................................................................................................... 2-8 
2.4.2. Wind Breaks .................................................................................................. 2-8 
2.4.3. Entrance Roads ............................................................................................. 2-8 
2.4.4. Landfill Units .................................................................................................. 2-8 

2.5. General Topographic Maps ........................................................................................ 2-10 
2.6. Aerial Photograph ....................................................................................................... 2-10 

2.6.1. General ........................................................................................................ 2-10 
2.6.2. Growth Trends ............................................................................................. 2-10 
2.6.3. Historical Aerial Photographs ...................................................................... 2-10 

2.7. Land-Use Map ............................................................................................................ 2-11 
2.8. Impact on Surrounding Area ....................................................................................... 2-12 

2.8.1. Published Zoning Map ................................................................................. 2-12 
2.8.2. Character of Surrounding Land ................................................................... 2-12 
2.8.3. Growth Trends ............................................................................................. 2-12 
2.8.4. Proximity of Residences and Other Uses ................................................... 2-12 



 
 

Table of Contents 
 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Permit Modification – Fort Bliss Municipal Solid Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
 

ii 

 

2.8.5. Wells ............................................................................................................ 2-13 
2.9. Transportation ............................................................................................................. 2-13 

2.9.1. Entrance Roads ........................................................................................... 2-13 
2.9.2. Vehicular Traffic Volume ............................................................................. 2-13 
2.9.3. Expected Vehicular Traffic Volume ............................................................. 2-13 
2.9.4. Proposed Public Roadway Improvements .................................................. 2-13 
2.9.5. Airport .......................................................................................................... 2-14 

2.10. General Geology and Soils Statement ....................................................................... 2-14 
2.10.1. General ........................................................................................................ 2-14 
2.10.2. Fault Areas .................................................................................................. 2-14 
2.10.3. Seismic Impact Zones ................................................................................. 2-15 
2.10.4. Unstable Areas ............................................................................................ 2-15 

2.11. Groundwater and Surface Water ................................................................................ 2-15 
2.11.1. Groundwater Conditions.............................................................................. 2-15 
2.11.2. Surface Water ............................................................................................. 2-16 
2.11.3. TPDES Storm Water Permit ........................................................................ 2-16 

2.12. Abandoned Oil and Water Wells ................................................................................. 2-16 
2.12.1. Location of Existing and Abandoned Water Wells ...................................... 2-16 
2.12.2. Location of Oil Wells .................................................................................... 2-17 

2.13. Floodplains and Wetlands Statement ......................................................................... 2-17 
2.13.1. Data on Floodplains .................................................................................... 2-17 
2.13.2. Wetlands Determination .............................................................................. 2-17 
2.13.3. Wetlands Located Within the Facility .......................................................... 2-17 

2.14. Endangered or Threatened Species ........................................................................... 2-17 
2.14.1. Impact Upon Endangered or Threatened Species ...................................... 2-17 
2.14.2. Compliance Demonstrations ....................................................................... 2-18 

2.15. Texas Historical Commission Review ......................................................................... 2-18 
2.16. Council of Governments and Local Government Review Request ............................ 2-18 

3. Part III of the Application 3-1 

3.1. Site Development Plan ................................................................................................. 3-1 
3.2. General Facility Design ................................................................................................. 3-1 

3.2.1. Facility Access ............................................................................................... 3-1 
3.2.2. Waste Movement .......................................................................................... 3-1 
3.2.3. Sanitation ...................................................................................................... 3-2 
3.2.4. Water Pollution Control from Processing ...................................................... 3-3 
3.2.5. Endangered Species Protection .................................................................... 3-3 

3.3. Facility Surface Water Drainage Report ....................................................................... 3-3 
3.3.1. Drainage Analysis ......................................................................................... 3-3 
3.3.2. Flood Control and Analysis ........................................................................... 3-3 

3.4. Waste Management Unit Design .................................................................................. 3-3 
3.4.1. Storage and Transfer Units ........................................................................... 3-4 
3.4.2. Incineration Units ........................................................................................... 3-4 
3.4.3. Surface Impoundments ................................................................................. 3-4 
3.4.4. Landfill Units .................................................................................................. 3-6 
3.4.5. Arid Exemption Landfill Unit Criteria ............................................................. 3-7 
3.4.6. Type V Mobile Liquid Waste Processing Units ............................................. 3-8 
3.4.7. Type IX Energy, Material, Gas Recovery, or Landfill Mining Waste Processing 

Units .............................................................................................................. 3-8 



 
 

Table of Contents 
 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Permit Modification – Fort Bliss Municipal Solid Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
 

iii 

 

3.4.8. Compost Units ............................................................................................... 3-8 
3.4.9. Type VI Waste Processing Demonstration Facilities .................................... 3-8 

3.5. Geology Report ............................................................................................................. 3-8 
3.5.1. Regional Geology .......................................................................................... 3-8 
3.5.2. Geologic Processes Activity .......................................................................... 3-9 
3.5.3. Regional Aquifers .......................................................................................... 3-9 
3.5.4. Boring Log ................................................................................................... 3-11 
3.5.5. Geotechnical Data ....................................................................................... 3-12 
3.5.6. Arid Exemption ............................................................................................ 3-14 

3.6. Groundwater Sampling and Analysis Plan ................................................................. 3-14 
3.7. Landfill Gas Management Plan ................................................................................... 3-14 
3.8. Closure Plan................................................................................................................ 3-15 
3.9. Post-Closure Plan ....................................................................................................... 3-15 
3.10. Cost Estimate for Closure and Post-Closure Care ..................................................... 3-15 

4. Part IV of the Application 4-1 

4.1. Site Operating Plan ....................................................................................................... 4-1 
4.2. EMS and NEPT ............................................................................................................. 4-1 
4.3. Procedures for Recirculating Leachate or Gas Condensate into a Landfill Unit .......... 4-1 
4.4. Grease Trap Waste, Grit Trap Waste or Septage Processing Facilities ...................... 4-1 

 

List of Tables 

Table 2-1. Public Areas Within One Mile .................................................................................... 2-19 
Table 2-2. Endangered Species List .......................................................................................... 2-22 
 

List of Figures 

Figure 2-1:  Wind Rose Yearly Average ..................................................................................... 2-23 
Figure 2-2:  Wind Rose December Average .............................................................................. 2-24 
Figure 2-3:  Wind Rose May Average ........................................................................................ 2-25 
Figure 2-4:  Wind Rose September Average ............................................................................. 2-26 
Figure 2-5:  Access Roads & Existing Structures ....................................................................... 2-27 
Figure 2-6:  General Location Map ............................................................................................. 2-28 
Figure 2-7:  Roads Within One Mile ........................................................................................... 2-29 
Figure 2-8:  Topographic Map .................................................................................................... 2-30 
Figure 2-9:  1967 USGS Aerial Photograph ............................................................................... 2-31 
Figure 2-10:  1974 USGS Aerial Photograph ............................................................................. 2-32 
Figure 2-11:  1988 USGS Aerial Photograph ............................................................................. 2-33 
Figure 2-12:  1991 USGS Aerial Photograph ............................................................................. 2-34 
Figure 2-13:  1996 USGS Aerial Photograph ............................................................................. 2-35 
Figure 2-14:  2003 USGS Aerial Photograph ............................................................................. 2-36 
Figure 3-1:  Waste Flow Diagram ............................................................................................... 3-16 
Figure 3-2:  Disposal Schematic ................................................................................................. 3-17 
 



 
 

Table of Contents 
 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Permit Modification – Fort Bliss Municipal Solid Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
 

iv 

 

Appendices 

A. Site Operating Plan 
B. Landfill Modification and Closure Design Drawings 
C. Total Permitted Waste Capacity Memo 
D. Geohydrologic Site Characterization 
E. Texas Historical Commission Review Letter 
F. Groundwater Monitoring Suspension Approval 
G. Airport Notifications 
H. Evaluation of Location Restrictions 
I. Slope Stability & Settlement Analysis 
J. Stormwater Certification 
K. Government Review Requests 
L. Facility Surface Water Draining Report 
M. Soil and Liner Quality Control Plan 
N. 1993 Geotechnical Investigation 
O. Closure Plan 
P. Post-Closure Care Plan 
Q. Evapotranspiration Cover Design Report 
R. Post-Closure Use Report 

 

Acronym List 

ADC   Alternate Daily Cover 
BRAC   Base Realignment and Closure 
C&D   Construction and Demolition 
DPW-ED  Directorate of Public Works – Environmental Division 
EAD   Echelons Above Decision 
FAA   Federal Aviation Administration 
MPH   Miles Per Hour 
msl   mean sea level 
MSW   Municipal Solid Waste 
MSWLF  Municipal Solid Waste Landfill Facility 
RACM   Regulated Asbestos Containing Material 
SOP   Site Operating Plan 
TAC   Texas Administrative Code 
TCEQ   Texas Commission on Environmental Quality 
TDS   Total Dissolved Solids 
TPDES   Texas Pollutant Discharge Elimination System 
USAFB   United States Army Fort Bliss 
USDA   United States Department of Agriculture 
USEPA   United States Environmental Protection Agency 
USGS   United States Geological Survey



    

 

U.S. Army Corps of Engineers, Fort Worth District 
Permit Modification – Fort Bliss Municipal Solid Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 1, 2014 
 

 
ES-1 

 

Executive Summary 

Background and Description of Proposed Change 
The Fort Bliss Municipal Solid Waste Landfill is an approximately 106 acre facility 
consisting of several cells as follows: 

§ An active 10.5-acre Subtitle D Type I Cell; 

§ A closed 3-acre Non-Subtitle D Type I Cell (Texas Commission on 
Environmental Quality (TCEQ) closure approval received February 24, 1999); 

§ An active 5-acre Non-Subtitle D Type IV Construction and Demolition (C&D) 
Cell; 

§ Approximately 80 acres of 1970’s era previously filled with interim cover placed; 
and Approximately 7 acres designated for landfill roads, access areas, and guard 
shack/scale house, etc. 

This permit modification application is intended to seek approval for an optimized 
evapotranspiration (ET) final cover system for the final closure construction of the 
facility. 

Optimized ET Final Cover Design 
Both the active Subtitle D Type I cell and the active Non-Subtitle D Type IV C&D cell 
are nearing capacity and are scheduled to cease accepting waste in 2015.  In addition, the 
facility permit does not allow further placement of waste within the 1970’s era inactive 
areas.  According to the March 1995 Final Closure Plan and Cost Estimate, interim cover 
has been placed over these 80 acres.  An optimized ET final cover will be placed over the 
active landfill cells and the inactive 1970’s era areas. 

The Non-Subtitle D Type I (Cell 2) was closed in 1999 with a non-Subtitle D final cover 
that complied with the closure plan for that cell and for which TCEQ closure approval 
was obtained in 1999.  As a result, this cell is not proposed to be capped with the 
optimized ET cover system. 

Fort Bliss is considering post-closure land use for solar power, and seeks to adjust 
permitted grades to maximize southern and western exposure.  Fort Bliss is seeking a 
permit modification to provide an optimized ET final cover system to replace the final 
cover systems for those parts of the landfill that have not already received a permitted 
final cover (i.e., all landfill cells except the non-subtitle D cell (Cell 2) that was 
capped/closed in 1999). 
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The proposed optimized ET Final Cover System will consist of a 3-foot optimized soil 
layer overlying the waste.  The intent is to utilize on-site silty sand (SM) and clayey sand 
(SC) soil for the optimized cover.  These soils will be capable of storing moisture, which 
will then be removed by evaporation and transpiration from the vegetation growing on 
the cover.  A minimum of ten percent coverage of vegetation will be established upon 
completion of the optimized cover construction. 

The TCEQ Municipal Solid Waste (MSW) Permitting Program uses a 25-inch average 
annual precipitation line as defined by Title 30 of the Texas Administrative Code (TAC) 
Rule §330.5(b)(1)(D)) to delineate areas of the State defined as arid.  El Paso lies to the 
west of the 25-inch average annual precipitation line and therefore has been deemed arid 
for the purposes of considering an optimized landfill design and modeling without 
calibration. 

The optimized ET landfill cover final grading plan also alters the final grades presented 
in the currently permitted ET cover system (October 2011 MOD) to allow the final 
grades to generally conform to the grades developed during filling operations to provide 
more easily constructible ridges, swales, and slopes and a more uniform surface for 
installation and maintenance of the ET cap.  In addition, the grading minimizes the 
relocation of waste and also provides slopes that maximize the southern and western 
orientation for the potential future Photo-Voltaic (PV) development on the final cover 
system.  The permit modification also proposes to extend the landfill buffer along the 
northern side, eastern end of the landfill to address the existing waste limit in Cell 4 that 
has encroached on the permitted boundary.  Rather than relocate the waste, since Fort 
Bliss owns the surrounding lands, the cap has been extended in this area and a new 50 
foot buffer to the limit of waste will be established as part of the closure activities.  

The final grading and drainage plan remains consistent with the previously approved 
MODs.  Final drainage patterns at the landfill will consist mostly of overland flow paths 
and shallow concentrated flow leading off the optimized ET cover landfill side slopes.  
Swales provide flow paths for internal watersheds to the existing landfill perimeter 
swales.  Surface water runoff flows off the landfill into the existing shallow perimeter 
drainage swales that discharge to the natural flow patterns of the surrounding area, 
generally towards the southwest and southeast corners of the landfill. 

Conventional landfill covers typically include a gas collection layer and passive gas vents 
to relieve landfill gas pressures on the overlying impermeable geomembrane and 
minimize slope stability concerns.  Gas monitoring wells that monitor the potential for 
landfill gas migration were installed at the site in 1998, and these existing gas monitoring 
wells are being preserved as part of the closure design, with some modifications.  The 
permit drawings identify gas monitoring wells that need to be extended as well as gas 
monitoring wells that will be abandoned and then re-installed because they conflict with 
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proposed drainage features.  However, because the optimized ET landfill cover will only 
consist of course-grained permeable soil; no additional passive gas venting system is 
proposed as part of the final ET landfill cover design.  Rather, the optimized ET cover 
soil will naturally and effectively vent landfill gas, similar to the existing conditions and 
the daily/intermediate cover soil at the site.  Additionally, the microbes in the optimized 
ET cover soil will oxidize some of the methane as it vents, creating more 
environmentally friendly emissions.  Based on the operational and regulatory history of 
the landfill (83 acres of 1970’s era waste), significant future landfill gas generation is not 
expected.  Should excessive methane concentrations be detected in the existing perimeter 
landfill gas monitoring wells or ambient landfill air during routine landfill gas 
monitoring, corrective venting and reporting procedures are outlined in the Fort Bliss 
Guidance Document titled Procedures Following a Methane Exceedance.  

Purpose of Change and Provision Under Which Modification is 
Sought 
The purpose of the proposed optimized ET Final Cover System is to provide a more cost 
effective closure that offers equivalent environmental protections as those provided by 
the closure design previously approved.  Accordingly, per Title 30 TAC §305.70(k)(10), 
the purpose of this permit modification application is to request approval of an optimized 
ET Final Cover System as an alternative final cover system for closure of the Fort Bliss 
Landfill. 

Permit Modification Application Organization and Structure 

In accordance with Title 30 TAC §305.70(e), this permit modification application 
consists of a TCEQ Core Data form and a new TCEQ Part I form, a description of the 
proposed permit changes, revisions to existing applicable permit documents (including 
strikeout and clean copies), and an updated landowners map and landowners list as 
required under Title 30 TAC §330.59(c)(3).  We have included a matrix of changes to the 
permit package to assist in the application review process, following the Part I form. 

This application is organized to follow the layout of the 2008 permit application.  
Changes to elements of the 2008 permit application are identified as tracked changes 
and/or complete section revisions as applicable. 

Appendix Q provides the equivalent optimized ET cover design. 

Appendix R provides details of the potential future use (PV Development) and revised 
Closure and Post Closure Care Plan that incorporate the PV Development, as required 
under Title 30 TAC §330 Subchapter T. 
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Post Closure Potential Future Use 

The potential future land use after closure is described in detail in the new Appendix R 
Post-Closure Use Report.  As previously noted, the potential post-closure future use of 
the area over the landfill is PV development.  Fort Bliss has a Net Zero goal and is 
actively developing alternative energy systems to offset the current utility based energy 
usage.  The closed landfill cover system is being permitted for the potential development 
of non-penetrating, self-ballasting PV panels on the landfill cover and supporting systems 
located at the adjacent area beyond the landfill boundary.  The beneficial use of the 
landfill cover to support the PV development is considered desirable as it puts the landfill 
footprint to productive use and it does not consume currently undeveloped land that may 
be put to other use. 

It is anticipated that the PV development will occur in phases, as funding and incentive 
programs provide the financial resources for PV development.  The Post-Closure Use 
Report provides the current assumptions and approach to the PV development, to obtain 
TCEQ approval of the future-use concept on the closed landfill areas.   
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1. Part I of the Application 

1.1. Part I Permit Application 
A Part I permit application form for the proposed optimized Evapo-Transpiration (ET) 
alternative landfill closure design at the Fort Bliss Municipal Solid Waste Landfill 
(MSWLF) follows this page. 
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Facility Name: Fort Bliss Municipal Solid Waste Landfill  
Permittee/Registrant Name: U.S. Army Air Defense Artillery and Fort Bliss 
(USAADACENFB)  
MSW Authorization #: 1422 
Initial Submittal Date:       
Revision Date:       

 

Texas Commission on Environmental Quality 
Permit/Registration Modification and Temporary Authorization  

Application Form for an MSW Facility 

1.  Reason for Submittal 

  Initial Submittal    Notice of Deficiency (NOD) Response 

2.  Authorization Type 

  Permit      Registration 

3.  Application Type 

  Modification with Public Notice   Modification without Public Notice  

  Temporary Authorization (TA)   Modification for Name Change/Transfer 

4.  Application Fees 

  Pay by Check     Online Payment 

If paid online, e-Pay Confirmation Number:  582EA000171596 

5.  Application URL 

Is the application submitted for a permit/registration modification with public notice? 

 Yes   No 

If the answer is “Yes”, enter the URL address of a publicly accessible internet web site 
where the application and all revisions to that application will be posted in the space 
provided:  http://www.bliss.army.mil/DPW/Environmental/EISDocuments2.html 

6.  Confidential Documents 

Does the application contain confidential documents? 

 Yes   No 

If “Yes”, cross-reference the confidential documents throughout the application and 
submit as a separate attachment in a binder clearly marked “CONFIDENTIAL.” 



Facility Name: Fort Bliss Municipal Solid Waste Landfill Initial Submittal Date:  
MSW Authorization #: 1422 Revision Date:  
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7.  General Facility Information 

Facility Name:  Fort Bliss Municipal Solid Waste Landfill 

MSW Authorization No.:  1422 

Regulated Entity Reference No.:  RN100210095 

Physical or Street Address (if available):  Section 6, Township 2, Block 80 

City:  Fort Bliss  County:  El Paso  State:  TX  Zip Code:  79916-0058 

(Area code) Telephone Number:  915-568-5919 

Latitude:  N 31 deg 52.70'  Longitude:  W 106 deg 22.60' 

8.  Facility Type(s)  

 Type I    Type IV    Type V  

 Type I AE   Type IV AE    Type VI 

9.  Description of the Revisions to the Facility 

Provide a brief description of all revisions to the permit/registration conditions and 
supporting documents referred by the permit/registration, and a reference to the specific 
provisions under which the modification/temporary authorization application is being 
made.  Also, provide an explanation of why the modification/temporary authorization is 
requested:  A permit modification is being requested for approval of a monolithic 
evapotranspiration (ET) Final Cover System as an alternative final cover for 
closure of the Fort Bliss Landfill, under Title 30 TAC §305.70(k)(10).   

Revisions are being made to the permit conditions and supporting documents 
presented in Table 1-1. 

 

This section is intentionally left blank; please continue to the next page.  
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10.  Facility Contact Information 

Site Operator (Permittee/Registrant) Name:  U.S. Army Fort Bliss 

Customer Reference No. (if issued)*:  CN600126262 

Mailing Address:  1733 Pleasonton Road, Building 677 

City:  Fort Bliss  County:  El Paso  State:  TX  Zip Code:  79916 

(Area Code) Telephone Number:  915-568-6200 

Email Address:  alfredo.j.riera.civ@mail.mil 

TX Secretary of State (SOS) Filing Number:        

*If the Site Operator (Permittee/Registrant) does not have this number, complete a TCEQ Core Data Form 
(TCEQ-10400) and submit it with this application. List the Site Operator (Permittee/Registrant) as the 
Customer. 

Operator Name1:  Same as Site Operator (Permittee/Registrant) 

Customer Reference No. (if issued)*:        

Mailing Address:        

City:         County:         State:         Zip Code:        

(Area Code) Telephone Number:        

Email Address:        

Charter Number:  N/A 

1If the Operator is the same as Site Operator/Permittee type “Same as “Site Operator (Permittee/Registrant)”. 
*If the Operator does not have this number, complete a TCEQ Core Data Form (TCEQ-10400) and submit it 
with this application. List the Operator as the customer. 

Consultant Name (if applicable):  ARCADIS 

Texas Board of Professional Engineers Firm Registration Number:        

Mailing Address:  2929 Briarpark Dr., Suite 300 

City:  Houston  County:  Harris  State:  Texas  Zip Code:  77042 

(Area Code) Telephone Number:  713.953.4814 

E-Mail Address:  Edward.Quiroz@Arcadis-us.com 

Agent in Service Name (required only for out-of-state):  N/A 

Mailing Address:        

City:         County:         State:         Zip Code:        

(Area Code) Telephone Number:        

E-Mail Address:        
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11.  Ownership Status of the Facility 

Is this a modification that changes the legal description, the property owner, or the Site 
Operator (Permittee/Registrant)? 

 Yes   No 

If the answer is “No”, skip this section. 

Does the Site Operator (Permittee/Registrant) own all the facility units and all the facility 
property? 

 Yes   No 

If “No”, provide the information requested below for any additional ownership. 

 

Owner Name:        

Street or P.O. Box:        

City:         County:         State:         Zip Code:        

(Area Code) Telephone Number:        

Email Address (optional):        

Charter Number:        
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Permit/Registration Modification with Public Notice 

(See Instructions for P.E. seal requirements.) 

Required Attachments  Attachment No. 
Land Ownership Map 1 
Land Ownership List  2 
Marked (Redline/Strikeout) Pages 3 
Unmarked Revised Pages 4 
 
Additional Attachments as Applicable- Select all those apply and add as necessary 

 Signatory Authority       
 Fee Payment Receipt       
 Confidential Documents       
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Permit/Registration Modification without Public Notice or TA 

(See Instructions for P.E. seal requirements.) 

Required Attachments (for Modifications only) Attachment No. 
Marked (Redline/Strikeout) Pages        
Unmarked Revised Pages       
 
Additional Attachments as Applicable- Select all those apply and add as necessary 

 Signatory Authority       
 Fee Payment Receipt       
 Confidential Documents       
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Permit/Registration Name Change/Transfer Modification 

(See Instructions for P.E. seal requirements.) 

Required Attachments  Attachment No. 
TCEQ Core Data Form(s)       
Property Legal Description       
    Property Metes and Bounds Description       
    Metes and Bounds Drawings       
    On-Site Easements Drawing       
Land Ownership List        
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Table 1-1 

Fort Bliss Municipal Solid Waste Landfill – Permit 1422 

Matrix of Changes from the March 2008 Permit Application as Updated by the 2012 Permit Modification 

Changes are noted below – No changes were made to permit documents not listed 

 

Referenced 
Section 

Section Description Description of Change Action to be Taken 

 Permit Modification Application Text Redline changes as noted below Replace text and retain existing 
tables, figures and appendices unless 
otherwise noted 

NA TCEQ Core Data Form This data has been updated to reflect this 
current permit modification application  

Replace in its entirety – New Core 
Data Form has been provided 

NA Executive Summary The executive summary has been updated 
to reflect the current permit modification 
application 

Replace in its entirety – Executive 
summary has been revised for this 
permit modification application 

1.1 Part I Permit Application The TCEQ Part 1 form has been revised to 
reflect the current permit modification 
application.  Minor edits to introduction text. 

Replace in its entirety – New Part 1 
Form has been provided.   

2.1 Existing Conditions Summary Minor edits Redline changes noted in text 
2.2.1.3 Landfill: Maximum Annual 

Acceptance Rate 
Text revisions Redline changes noted in text 

2.2.2 Qualifications for Registration Minor edits Redline changes noted in text 
2.3.4 Schools, Licensed Day-cares, 

Churches, 
Residential/Commercial/Recreational 

areas 

Edits Redline changes noted in text 

2.4.1 Outline of Units Minor edits Redline changes noted in text 
2.4.3 Monitoring Wells Minor edits Redline changes noted in text 
2.4.5 Proposed Construction Sequence Edit referenced drawing numbers Redline changes noted in text 

2.4.9.1 Sectors Edit referenced drawing numbers Redline changes noted in text 
2.4.9.3 Dimensions of Cells or Trenches Revisions made to reference Limit of Waste 

Investigation (LOWI) 
Redline changes noted in text 

2.4.9.4 Maximum Waste Elevations and 
Final Cover 

Edit referenced drawing numbers Redline changes noted in text 



Referenced 
Section 

Section Description Description of Change Action to be Taken 

2.8.4 Proximity of Residences and Other 
Uses 

Updated to reflect current conditions Redline changes noted in text 

2.16 Council of Governments and Local 
Government Review Request 

Updated with current contact information Redline changes noted in text 

Table 2-1 Public Areas within One Mile Table has been updated Replace in its entirety 
3.4 Waste Management Unit Design Minor edits Redline changes noted in text 

3.4.4.4 Calculations of Estimated Solid 
Waste Deposition and Operating Life 

Updated to recent airspace data Redline changes noted in text  

Appendix B Landfill Modification and Closure 
Design Drawings 

Replacement of previous permit application 
drawings detailing proposed monolithic ET 
cover system 

Replace appendix in its entirety 

Appendix I Slope Stability & Settlement Analysis Replacement of previous appendices in its 
entirety as analysis performed by ARCADIS 

Replace appendix in its entirety 

Appendix L Facility Surface Water Draining 
Report 

Replacement of previous appendices in its 
entirety as analysis was revised based on 
revised grading plan and as prepared by 
ARCADIS 

Replace appendix in its entirety 

Appendix O Closure Plan Edits to incorporate new monolithic ET 
cover system 

Redline changes noted in text  

Appendix P Post-Closure Plan Edits to incorporate new monolithic ET 
cover system 

Redline changes noted in text  

Appendix Q Evapotranspiration Cover Design 
Report 

Replacement of previous appendices in its 
entirety as analysis for monolithic cover was 
performed by Weaver Boos 

Replace appendix in its entirety 

Appendix R Post-Closure Use Report New document to present potential future 
use of landfill area 

Added as new appendix 
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¼ Mile Landownership Information 
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Landowners Cross-Referenced to Landowners Map

Map ID Parcel Size (acres) Owner Name Address City State
1 60.0000 JANUS ASSOCIATES & 1 515 MADISON AVE RM 3304 NEW YORK NY
2 3.6089 APODACA RICHARD C 4833 VILLA ENCANTO EL PASO TX
3 1.6378 PULLEY PROPERTIES LP 5124 ANCHORAGE AVE EL PASO TX
4 2.0000 GUTIERREZ RICARDO 5438 GATEWAY BLVD E EL PASO TX
5 0.1150 CITY OF EL PASO 300 N CAMPBELL EL PASO TX
6 9.4907 RAILROAD WAREHOUSING LLC 3880 DONIPHAN DR EL PASO TX
7 0.0853 RAILROAD WAREHOUSING LLC 3880 DONIPHAN DR EL PASO TX
8 3.8266 PEDRO A & LINDA FERNANDEZ REVOCABLE TRUST 3838 BOGAS AVE NE ALBUQUERQUE NM
9 5.8994 SL BA INDUSTRIAL LLC 9606 N MOPAC EXPY STE 880 AUSTIN TX
10 0.2295 PAGE DAVID R & LOIDA R 9548 BLUE WING DR EL PASO TX
11 0.2163 DICK CAMERON L & QUINTANA SANDRA 9544 BLUE WING DR EL PASO TX
12 0.1730 SPARKS KIM S 9540 BLUE WING DR EL PASO TX
13 0.1505 BOSSIE KENNETH L 9536 BLUE WING DR EL PASO TX
14 0.1446 PALOMARES JAVIER & FE DE LA CRUZ 9532 BLUE WING DR EL PASO TX
15 0.1446 SOLORIO SILPA & JAIME A 9528 BLUE WING DR EL PASO TX
16 0.1446 HUNTLEY KATHY L 9524 BLUE WING DR EL PASO TX
17 0.1446 BRADLEY JOSEPHINE M 9520 BLUE WING DR EL PASO TX
18 0.1446 ROSALES MARIA D C 9516 BLUE WING DR EL PASO TX
19 1.4058 LUGO GUSTAVO E F & CHIBLI GUSTAVO F 5939 FALCON AVE EL PASO TX
20 0.1446 PUENTE DAVID T 11264 SIGNAL RIDGE DR EL PASO TX
21 0.1446 LAING JESSICA A 9508 BLUE WING DR EL PASO TX
22 0.1446 PARRA JOSUE & BLANCA 9504 BLUE WING DR EL PASO TX
23 0.1808 BODEY AMELIA L 9500 BLUE WING DR EL PASO TX
24 0.1423 CASTILLO RICARDO A & MARTHA E 5932 FALCON AVE EL PASO TX
25 0.1400 ARIZPE OSCAR & DORA 5936 FALCON AVE EL PASO TX
26 0.2385 TORRES EUNICE 5861 BOBWHITE AVE EL PASO TX
27 1.3480 DELTA UNLIMITED INC 5869 WAYCROSS AVE EL PASO TX
28 0.7610 NEW BEGINNING MISSIONARY 9491 RAILROAD DR EL PASO TX
29 0.0000 CITY OF EL PASO 300 N CAMPBELL EL PASO TX
30 0.4530 DELTA UNLIMITED INC 5869 WAYCROSS AVE EL PASO TX
35 2.6330 EAGLE LEASING INC PO BOX 397 MIDLAND CITY AL
31 1.6626 CHIBLI GUSTAVO F & 1 5924 FALCON AVE EL PASO TX
32 2.0700 NEVAREZ ALFONSO 10825 TOM KITE CT EL PASO TX
33 2.6774 SL BA INDUSTRIAL LLC 9606 N MOPAC EXPY STE 880 AUSTIN TX
34 8.8838 SL BA INDUSTRIAL LLC 9606 N MOPAC EXPY STE 880 AUSTIN TX
36 2.7439 ZIMET M J (ET AL) 9700 RAILROAD DR EL PASO TX
37 2.4720 CITY OF EL PASO 300 N CAMPBELL EL PASO TX
38 1.6392 CALVILLO LAW FIRM PLLC 6316 N 10TH ST BLDG B STE 200 MC ALLEN TX
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2. Part II of the Application 

2.1. Existing Conditions Summary 
§330.61(a) 

The Fort Bliss military installation is located within the extraterritorial jurisdiction of the 
City of El Paso and extends into unincorporated portions of El Paso County, Texas, and 
the counties of Dona Ana and Otero in New Mexico.  Currently the primary missions of 
the installation are: home of 1st Army Division, senior noncommissioned officers 
training, administrative and logistical support of tenant activities, and provision of 
training facilities for reserve components. 

The MSWLF is located northwest of Biggs Army Airfield and 300 feet east of the 
Southern Pacific Railroad tracks in El Paso County, Texas.  The MSWLF is about 1,200 
feet east of the nearest occupied structure. Occupied structures include commercial and 
residential areas located on the west side of the MSWLF.  An all-weather road is 
accessible to the MSWLF year round. A 10-foot-high chain link fence with barbed wire 
outriggers surrounds the entire perimeter of the MSWLF. A 6-foot 4-inch by 12-foot 4-
inch by 10-foot-high enclosed guard shack/scale house is located on the MSWLF near the 
entrance. No buried utilities are within the perimeter of the MSWLF. 

The Fort Bliss MSWLF includes active Subtitle D Type I and Type IV landfill cells that 
are currently in use to serve the United States Army Fort Bliss (USAFB). The landfill has 
been managed and operated by private contractors since January 1974. The landfill area 
comprises five distinct areas: 

§ 1970’s-era inactive cells that cover 80-acres and are unlined and without leachate 
collection. The permit does not allow further placement of MSW in these cells. 
According to the March 1995 Final Closure Plan and Cost Estimate, these 80 
acres are considered interim closed.  

§ A 3-acre Type 1 cell with final cover in place (non-Subtitle D) that complies with 
the 1995 closure plan and TCEQ closure requirements. TCEQ approval was 
received February 24, 1999. 

§ A 10.5-acre Type 1 active cell meeting Subtitle D requirements (Subtitle D cell).  
This cell is lined and has a leachate collection system. A 5-acre active Type IV 
construction and demolition (C&D) debris cell. This cell is unlined and without 
leachate collection.  

§ Approximately 7 acres designated for landfill roads, access areas, guard 
shack/scale house, etc. 
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This modification is for consideration of a 3-foot thick optimized Evapo-Transpiration 
(ET) alternative final landfill cover design, a revised landfill closure design, and the 
corresponding modifications to the landfill Closure Plan. Existing conditions are not 
significantly affected by these changes, as demonstrated in the remaining sections of this 
application. Fort Bliss does not have any site-specific conditions that require special 
design consideration or possible mitigation of conditions identified in 30 TAC 
§330.61(h)-(o). 

2.2. Waste Acceptance Plan 
2.2.1. Sources and Characteristics of Wastes 

2.2.1.1. Description of general sources and generation areas 
§330.61(b)(1)(A) 

The MSWLF serves the military operations within the USAFB.  Permitted types of solid 
wastes disposed of at the MSWLF are non-hazardous solid wastes from military 
operations, bulky items, grass and tree trimmings, refuse from litter cans, construction 
debris, classified waste (dry), dead animals, Regulated Asbestos Containing Material 
(RACM), and empty oil cans (1-quart and 5-gallon sizes). The MSWLF does not receive 
hazardous waste nor does it recover incoming waste. 

2.2.1.2. Transfer Stations 
§330.61(b)(1)(B) 

This section is not applicable; the Fort Bliss MSWLF does not contain a transfer station. 

2.2.1.3. Landfill: Maximum Annual Acceptance Rate 
§330.61(b)(1)(C) 

Based on the approved 1995 final landfill contours, the total permitted waste capacity of 
the Fort Bliss MSWLF is 5.9 million cubic yards.  As of 2008, the current volume of in-
place waste was about 5.1 million cubic yards.  The 2008 permit modification for the 10-
foot height increase in the Subtitle-D cell added an additional 180,000 cubic yards of 
landfill capacity.  The optimized ET landfill cover final grading plan does not 
significantly alter the final grades presented in the 2008 permit modification; rather, the 
optimized ET landfill cover final grading plan generally conforms to the grades 
developed during filling operations (based on the 2010 topographic survey) to provide 
more easily constructible ridges, swales, and slopes.  The grading has been further 
optimized to reduce the extent of waste relocation and to utilize existing soils covering 
the waste as part of the optimized cover system.  The grades also optimize the southern 
and western orientation of the south and west facing landfill slopes to support potential 
future Photo-Voltaic (PV) development over the closed landfill.  The potential future use 
for the facility is described in Appendix R.   
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2.2.2. Qualification for Registration 
§330.61(b)(2) 

The Fort Bliss MSWLF is authorized under a permit (MSW Permit No. 1422).  The 
facility is seeking a modification requiring notice to its permit, pursuant to 30 TAC 
§305.70(k).   

2.3. General Location Maps 
2.3.1. Prevailing Wind Direction with a Wind Rose 

§330.61(c)(1) 

The prevailing wind direction at the MSWLF is from the north during the winter months 
and from the south during the summer months with an overall southeasterly prevailing 
wind.  Dust storms and wind storms are frequent during the months of March and April.  
Wind speeds can occasionally reach up to 35 miles per hour (mph) during intense 
weather events. Figure 2-1 provides an annual wind rose map for the northern El Paso 
area. 

El Paso experiences three prevailing wind change regimes with a dominant northerly 
wind flow in the cooler seasons of October through February (see Figure 2-2), a shift to 
west-southwest in the spring, March into early June (see Figure 2-3), and another distinct 
shift to prevailing southeast winds in July through mid-September (see Figure 2-4). 

2.3.2. Known Water Wells 
§330.61(c)(2) 

Two groundwater production wells with the Texas Water Development Board well 
designation as “located wells” are located about 350 feet north of the MSWLF. The well 
location maps in the “Geohydrologic Site Characterization of the Municipal Solid Waste 
Landfill Facility, U.S. Army Air Defense Artillery Center and Fort Bliss, El Paso County, 
Texas” U.S. Geological Survey, Water-Resources Investigations Report 95-4217 
(Abeyta, 1996, Appendix D) show the location of the two water wells within 500 feet (ft) 
of the permitted boundary.  The first well, W-3, has been in existence for many years, 
while W-3A was constructed circa 1995 and is located adjacent to the older well.  These 
wells are used as groundwater production wells and are owned by the U.S. Army.  The 
geohydrologic report also provides the location and description of both groundwater 
wells. Well W-3 is 826 feet deep, and well W-3A is 940 feet deep. The regional 
topographic gradient of the groundwater flow in the area is generally to the south and 
southwest towards the Rio Grande River. Precise groundwater flow direction at specific 
locations is difficult to determine due to City of El Paso and U.S. Army production well 
pumping and the geometric configuration of the groundwater aquifers. 
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2.3.3. Structures and Inhabitable Buildings 
§330.61(c)(3) 

A guard shack/scale house located in the southwest corner of the MSWLF at the entrance 
to the landfill facing west is the only inhabitable structure within 500 feet of the facility. 
A water tank located just west of the guard shack/scale house is the only other structure 
within 500 feet of this unit (see Figure 2-5) 

2.3.4. Schools, Licensed Day-cares, Churches, Residential/ Commercial/ 
Recreational areas 
§330.61(c)(4) 

No hospitals, cemeteries, ponds or lakes exist within one mile of the facility.  The 
General Location Map (Figure 2-6), provides locations of the schools, licensed day-care 
facilities, churches, and residential, commercial, and recreational areas within one mile of 
the MSWLF.  A list of public areas located within the one mile radius is provided in 
Table 2-1. The list of schools, churches, day care facilities, residential, commercial, and 
recreational areas are current as of June 2014 as provided determined by a Global 
Information System (GIS) search of tax parcel records 

2.3.5. Roads Within One mile 
§330.61(c)(5) 

Roads within a one mile radius used for accessing the facility are shown on Figure 2-7.  
The access road to the landfill entrance is asphalt concrete.  The internal access roads to 
the active fill areas are caliche-based roads.  Roads used by the Fort Bliss MSWLF for 
entering or leaving the facility are located on, owned by and operated by the Fort Bliss 
military installation. The unlabeled roads are known as “tank trails” and are not named. 

2.3.6. Latitude and Longitude 
§330.61(c)(6) 

The coordinates of the Fort Bliss MSWLF are as follows: 

Latitude:  N 31o 52’ 42” 
Longitude:  W 106o 22’ 36” 
Elevation:  3930 feet above mean sea level (msl) 
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2.3.7. Area Streams 
§330.61(c)(7) 

No perennial or ephemeral streams are on or in the vicinity of the Fort Bliss MSWLF. 

Surface water flow occurs perennially in the Rio Grande River with occasional additional 
stream flows into the Rio Grande about two miles from the MSWLF during periods of 
intense precipitation. Surface outflow is negligible due to absence of surface streams. 

2.3.8. Airports 
§330.61(c)(8) 

Airports located within 6 miles of the MSWLF are: 

§ Biggs Army Airfield, 11210 CSM. E. Slewitzke Drive, Fort Bliss, TX 79916 (2.2 
miles) 

§ El Paso International Airport, 6701 Convair Rd, El Paso, TX 79925 (5.06 miles) 

2.3.9. Property Boundary 
§330.61(c)(9) 

The Fort Bliss MSWLF property boundaries are outlined in red on Figure 2-5. The 
property boundaries defined in the legal description of the original permit application can 
be provided upon request. 

As further shown in Appendix B, Permit Drawings, the limit of waste in Cell 3 and Cell 4 
are within 50 feet of the permitted boundary.  Rather than relocate waste as part of the 
final closure construction, the final cover will be extended over these areas.  Since Fort 
Bliss owns the lands surrounding the landfill, the permit boundary will be modified to 
maintain the 50 foot buffer between the boundary and the limit of waste.  Upon approval 
of the permit application, the new permit boundary will be established and as part of the 
final closure construction, the perimeter fence will be relocated to the new permit 
boundary limit. 

2.3.10. Drainage, Pipeline, Utility Easements 
§330.61(c)(10) 

No drainage or pipelines are located within the MSWLF (See Figure 2-5). Three green 
bollards are location in the Northwest corner of the MSWLF (See Figure 2-5) indicating 
the location of the electric utility easement on the property. Utility easement holders are 
as follows: 

El Paso Electric  El Paso Water Utilities 
P.O. Box 982   P.O. Box 511 
El Paso, TX 79960  El Paso, TX 79961-001 
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Texas Gas Service  Union Pacific Railroad Company 
7117 Florida Blvd  1400 Douglas Street- Stop 1690 
Baton Rouge, LA 70806 Omaha, NE 68179-1690 

2.3.11. Facility Access Control Factors 
§330.61(c)(11) 

General public access is restricted since the landfill is on a military installation. Access to 
the actual landfill is also restricted through use of fencing, gates, and the guard shack. 
Only authorized vehicles have access beyond the guard shack or facility entrance. 
Authorized vehicles consist of: 

§ Any government-owned commercial or military vehicle 

§ Any government contractor whose truck is sent to the disposal area with disposal 
material and who has a valid landfill permit 

§ Contractor’s vehicle used to collect solid waste from Fort Bliss, not including 
family housing, is also an authorized vehicle 

Government vehicles must have government license plates. Signage provides direction to 
customers to the entrance to the landfill. 

The Site Operating Plan (Appendix A, March 2008) describes the perimeter fencing, 
vehicle access procedures, and vehicle transport within the MSWLF. The perimeter 
fencing, guard shack, and vehicle access roads are shown on Figure 2-5. 

2.3.12. Archaeological Sites, Historical Sites, Sites with Exceptional 
Aesthetic Qualities 
§330.61(c)(12) 

No archaeological sites, historical sites, or sites with exceptional aesthetic qualities are 
located adjacent to the MSWLF. The request for the Texas Historical Commission review 
letter is provided in Appendix E. Please note that the Fort Bliss MSWLF is a fully 
developed, permitted, operational site. 

2.4. Facility Layout Maps 
2.4.1. Outline of Units 

§330.61(d)(1) 

The Fort Bliss MSWLF includes active Subtitle D Type I and Type IV landfill cells and 
is currently in use to serve the USAFB. The landfill has been managed and operated by 
private contractors since January 1974. The landfill area is comprised of five distinct 
areas: 
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§ 1970’s-era inactive cells that cover 80-acres and are unlined and without leachate 
collection. The permit does not allow further placement of MSW in these cells. 
According to the March 1995 Final Closure Plan and Cost Estimate, these 80 
acres are considered closed.  

§ A 3-acre Type 1 cell with final cover in place (non-Subtitle D) that complies with 
the 1995 closure plan and TCEQ closure requirements. TCEQ approval was 
received February 24, 1999. 

§ A 10.5-acre Type 1 active cell meeting Subtitle D requirements (Subtitle D).  This 
cell is lined and has a leachate collection system. This cell is nearing permitted 
capacity. 

§ A 5-acre active Type IV C&D debris cell. This cell is unlined and without 
leachate collection.  

§ Approximately 7 acres designated for landfill roads, access areas, guard 
shack/scale house, etc. 

This modification is for consideration of an optimized alternative final landfill cover 
design, a revised landfill closure design, and the corresponding modifications to the 
landfill Closure Plan.  Existing conditions are not significantly affected by this change, as 
demonstrated in the remaining sections of this application. Fort Bliss does not have any 
site-specific conditions that require special design consideration or possible mitigation of 
conditions identified in 30 TAC §330.61(h)-(o). 

Landfill units are marked on Sheet C-1of Appendix B. 

2.4.2. Roadways 
§330.61(d)(2) 

Interior roadways are shown on Figure 2-5. 

2.4.3. Monitoring Wells 
§330.61(d)(3) 

This section is not applicable. The TCEQ approved Fort Bliss’ request for groundwater 
monitoring suspension on May 22, 1996 (see Appendix F).  One existing monitoring well 
located on the west side of Cell 1 does exist and will be abandoned as part of the final 
cover construction activities. 
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2.4.4. Locations of Buildings 
§330.61(d)(4) 

The only inhabitable structure within 500 feet of the MSWLF is the guard shack/scale 
house shown on Figure 2-5. No other buildings are located within the MSWLF boundary.   

2.4.5. Proposed Construction Sequence 
§330.61(d)(5) 

The MSWLF is already constructed. Filled and active areas are depicted on Sheet C-1 of 
Appendix B. The final grading plan is shown on Sheets C-2 and C-3 in Appendix B. 

2.4.1. Fencing 
§330.61(d)(6) 

Perimeter fencing depicts the outline of the MSWLF as shown in red on Figure 2-5. 

2.4.2. Wind Breaks 
§330.61(d)(7) 

This section is not applicable; there are no natural wind breaks located at the MSWLF 
nor plans for screening the facility from public view. The MSWLF is located entirely 
within the military installation and away from public view. 

2.4.3. Entrance Roads 
§330.61(d)(8) 

All access roads to the MSWLF are located on the Fort Bliss military installation (See 
Figure 2-7), and are not public access roads.  The access road to the landfill entrance is 
asphalt concrete and useable during wet weather conditions.  The operator will maintain 
internal roads to promote drainage and limit ponding during wet weather conditions.  Fort 
Bliss is located in an arid climate so that wet weather is not a major concern at the 
MSWLF. 

2.4.4. Landfill Units 

2.4.4.1. Sectors 
§330.61(d)(9)(A) 

The landfill area comprises five distinct areas (Refer to Sheet C-1 in Appendix B): 

§ 1970’s-era inactive cells that cover 80-acres and are unlined and without leachate 
collection. The permit does not allow further placement of MSW in these cells. 
According to the March 1995 Final Closure Plan and Cost Estimate, these 80 
acres are considered closed.  
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§ A 3-acre Type 1 cell with final cover in place (non-Subtitle D) that complies with 
the 1995 closure plan and TCEQ closure requirements. TCEQ approval was 
received February 24, 1999. 

§ A 10.5-acre Type 1 active cell meeting Subtitle D requirements (Subtitle D cell).  
This cell is lined and has a leachate collection system. This cell is nearing 
permitted capacity. 

§ A 5-acre active Type IV construction and demolition (C&D) debris cell. This cell 
is unlined and without leachate collection.  

§ Approximately 7 acres designated for landfill roads, access areas, guard 
shack/scale house, etc. 

2.4.4.2. Sequence of Filling Operations 
§330.61(d)(9)(B)(c) 

The filling operations currently used are fill methods. The solid waste will: 

§ Be placed in a single two-foot layer each day 

§ Be protected with six inches of soil (daily cover) 

§ Continue with a single two-foot layer throughout the cell from the edge of the 
previous day’s activities. An additional two–foot layer will be started when the 
first layer is complete. 

Final cover will be applied when the landfill elevation reaches the permitted elevation. 

2.4.4.3. Dimensions of Cells or Trenches 
§330.61(d)(9)(D) 

The only requested modifications to the physical conditions of the facility are minor 
changes to the final grading plan of the landfill based on the alternative cover design and 
to provide more easily constructible ridges, swales, and slopes based on the existing 
landfill grades at the site.  The permit modification is based on data obtained from a 
Limit of Waste Investigation (LOWI) that was performed as part of the feasibility 
analysis to evaluate and select the preferred cover method for which approval is being 
sought.  Refer to Sheet C-1 in Appendix B for the existing limits of waste determined as 
part of the LOWI. 

2.4.4.4. Maximum Waste Elevations and Final Cover 
§330.61(d)(9)(E) 

The proposed final contours for maximum waste elevations and cover are shown on 
Sheets C-2 and C-3 of Appendix B. The maximum waste elevations are shown on Sheet 5 
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of Appendix B. These contours are tied into the MSWLF contours approved by the 
TCEQ in 1995. 

2.5. General Topographic Maps 
§330.61(e) 

General topographic maps of the MSWLF are provided in Appendix B. Figure 2-8 
provides the United States Geological Survey (USGS) 7 ½-minute quadrangle sheet or 
equivalent, at a scale of one inch equal to 2000 feet. 

2.6. Aerial Photograph 
2.6.1. General 

§330.61(f)(1) 

Aerial photographs that are approximately 9 inches by 9 inches with a scale within a 
range of one inch equals 1,667 feet to one inch equals 3,334 feet and showing proximity 
to at least a one-mile radius of the MSWLF site boundaries are provided as Figures 2-9 
through 2-14. 

2.6.2. Growth Trends 
§330.61(f)(2) 

A series of aerial photographs ranging from 1967 to 2003 are used to show growth trends 
of the one mile area around the MSWLF as shown on Figures 2-9 to 2-14. The 
photographs show rapid commercial and residential building growth in areas outside the 
Fort Bliss military installation including the area directly west of the MSWLF. 

At this time, the land nearest the MSWLF beyond the Fort Bliss boundary is fully 
developed.  The land adjacent to the MSWLF is owned by Fort Bliss with no current 
plans for development. 

2.6.3. Historical Aerial Photographs 
n Historical Aerial Photograph for Northwest El Paso dated 1967  

The MSWLF does not exist in the 1967 photograph, Figure 2-9. The site of the MSWLF 
consists of undeveloped land owned by Fort Bliss. Limited commercial and residential 
development appears in the areas to the west and north of the present day landfill 
boundaries. 
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n Historical Aerial Photograph for Northwest El Paso dated 1974 

The boundaries of the MSWLF are visible as outlined in the 1974 photograph, Figure 2-
10. Commercial and residential development increases are evident in the area west of the 
landfill. 

n Historical Aerial Photograph for Northwest El Paso dated 1988 

The boundaries of the landfill facility are visible as outlined in the 1984 photograph, 
Figure 2-11. Significant residential and commercial development occurs west of the 
MSWLF.  To the southeast, Biggs Army Airfield is visible. 

n Historical Aerial Photograph for Northwest El Paso dated 1991 

The MSWLF boundaries are shown in the 1991 photograph, Figure 2-12.  Residential 
development dominates the photograph. All surrounding areas to the west of the facility 
show increased population as compared to the 1984 photograph. 

n Historical Aerial Photograph for Northwest El Paso dated 1996 

Increased development of multiple commercial and industrial buildings opposite the 
roadway directly bordering the MSWLF to the west is noted in the 1996 photograph 
Figure 2-13.  No other significant changes from the 1991 aerial photograph exist. 

n Historical Aerial Photograph for Northwest El Paso dated 2003 (Appendix F) 

The development of the area to the west of the landfill appears to have stabilized as 
indicated by the 2003 photograph, Figure 2-14. There are no significant changes visible 
as compared to the 1996 aerial photograph. 

2.7. Land-Use Map 
§330.61(g) 

Figure 2-6 shows the boundary of the MSWLF and the land uses surrounding the 
property and actual uses within one mile of the MSWLF. The map shows the location of 
residences, commercial establishments, schools, licensed day-care facilities, and 
recreational areas within one mile of the MSWLF boundary.  No churches, cemeteries, 
ponds or lakes are located within one mile of the MSWLF boundary.  Figure 2-5 shows 
that pipelines are located outside of the landfill and three green bollards in the Northwest 
corner of the MSWLF indicate the only electric utility easement.  Figure 2-5 also depicts 
access roads serving the MSWLF. 
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2.8. Impact on Surrounding Area 
2.8.1. Published Zoning Map 

§330.61(h)(1) 

Published zoning maps are not available for the MSWLF.  The MSWLF does not have a 
nonconforming use nor does it require a special permit from the local government having 
jurisdiction. 

2.8.2. Character of Surrounding Land 
§330.61(h)(2) 

The adjacent properties to the MSWLF within one mile are undeveloped lands within the 
military installation.  The MSWLF is about 1,200 feet from the nearest commercial areas. 
Residential areas exist to the west of the MSWLF past the commercial section. Biggs 
Army Airfield is approximately two miles to the southeast of the MSWLF. 

2.8.3. Growth Trends 
§330.61(h)(3) 

The land within five miles of the MSWLF beyond the military installation boundary is 
fully developed. A majority of the land within five miles of the MSWLF is owned by 
Fort Bliss. Construction activities due to BRAC are ongoing or planned for portions of 
the installation, but none will encroach upon the MSWLF footprint. A registered 
composting facility (Registration No. 42038), utilized for the biological composting of 
petroleum contaminated soils, is located immediately to the south of the MSWLF. 
Beyond the northeast corner of the MSWLF boundary is a set of railway tracks. Across 
the tracks are industrial buildings. Beyond the industrial buildings are residential housing, 
churches, and schools as shown in Figure 2-6. 

2.8.4. Proximity of Residences and Other Uses 
§330.61(h)(4) 

The MSWLF is about 1,200 feet from the nearest commercial and residential areas.  No 
cemeteries, historic structures and sites, archaeologically significant sites or sites having 
exceptional aesthetic quality are located within one mile of the facility. Schools located 
within one mile of the MSWLF are listed in Table 2-1.  

§ Approximate Number of Residences:  2500 

§ Approximate Number of Commercial Establishments:  50 
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2.8.5. Wells 
§330.61(h)(5) 

The only known wells within 500 feet of the MSWLF are groundwater production wells 
W3 and W3a, located approximately 350 feet north of the MSWLF. A detailed 
description and discussion of these wells may be found in Appendix D. 

2.9. Transportation 
2.9.1. Entrance Roads 

§330.61(i)(1) 

All access roads to the MSWLF are located on the Fort Bliss property, owned by the U.S. 
Army. The access road to the landfill entrance is asphalt concrete and useable by military 
and government personnel during all weather. The internal access roads to the active fill 
areas are caliche-based roads useable during wet weather conditions. The operator 
maintains these internal roads to promote drainage and limit ponding during wet weather 
conditions. Internal roads are used only during facility operating hours. When not in 
operation, the facility gate is closed and locked. 

2.9.2. Vehicular Traffic Volume 
§330.61(i)(2) 

Traffic volume is minimal as only authorized vehicles are allowed to access the site. The 
current licensed vehicle use occurs from delivery of MSW, construction and demolition 
debris, and RACM material to the MSWLF. BRAC-related activities will increase 
disposal of construction and demolition material and RACM; representing the only 
expected intermittent increase in vehicular volume. 

2.9.3. Expected Vehicular Traffic Volume 
§330.61(i)(3) 

Due to BRAC activities, a daily increase of two additional trucks from licensed Army 
vehicles or contractors’ vehicles using the MSWLF may result. BRAC-related activities 
will include increased amounts of construction and demolition debris and RACM 
material. Traffic volume data are not maintained by Fort Bliss. 

2.9.4. Proposed Public Roadway Improvements 
§330.61(i)(3) 

The MSWLF and the roadways accessing the MSWLF are located on the Fort Bliss 
military installation.  No public roadways exist to the MSWLF. All roadways are owned 
and improved by the U.S. Army, Fort Bliss. The Army is not required to coordinate with 
the Texas Department of Transportation. 
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2.9.5. Airport 
§330.61(i)(5) 

The MSWLF demonstrates compliance related to landfill operations impact upon airports 
within six miles of the MSWLF in accordance with §330.545 (relating to Airport Safety) 
as discussed in sections 2.9.5.1 and 2.9.5.2 below. 

2.9.5.1. Impact of Facility upon Airports 
30 TAC §330.545(a), requires that MSWLF permit modifications demonstrate no bird 
hazards for airport runway end used by piston type aircraft located within 5,000 feet of 
the landfill and turbojet aircrafts within 10,000 feet.  No piston-type aircraft runways 
within 5,000 feet (0.95 miles) of the MSWLF exist. A turbo aircraft runway end used by 
Biggs Army Airfield is located 10,929 feet from the MSWLF.  

The MSWLF is designed and operated so the unit does not pose a bird hazard to aircraft.  
Construction and demolition debris comprises the majority of MSWLF refuse. 
Subsequently, minimal bird populations exist in the surrounding area. 

2.9.5.2. Airport Review Letter 
30 TAC §330.545(d) requires the MSWLF to notify general public or small general 
service airports within six miles of all modifications to the facility. The MSWLF must 
also notify all large general public airports within five miles.  Airport review letters sent 
to Biggs Army Airfield, El Paso International Airport and the Federal Aviation 
Administration (FAA) as well as available response letters are located in Appendix G. 

2.10. General Geology and Soils Statement 
2.10.1. General 

§330.61(j)(1) 

The MSWLF is underlain by Hueco Bolson deposits of Tertiary age and typically are 
composed of unconsolidated to slightly consolidated interbedded sands, clay, list, gravel, 
and caliche.  Individual beds are not well defined and range in thickness from a fraction 
of an inch to about 100 feet.  

The general geology and soils details for the MSWLF site are located in Appendix D 
(Abeyta, 1996). 

2.10.2. Fault Areas 
§330.61(j)(2) 

The MSWLF is not located within 200 feet of a fault. A Fault Area Map is provided as 
Figure 5 of the document “Evaluation of Location Restrictions for the Fort Bliss 
Municipal Solid Waste Landfill (Permit #1422)” by Cardenas-Salcedo and Associates, 
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Inc. prepared for the U.S. Army Corps of Engineers, Fort Worth District, March 1995 
(Appendix H). 

2.10.3. Seismic Impact Zones 
§330.61(j)(3) 

According to the Seismic Zones Map from the United States Environmental Protection 
Agency (USEPA) “Solid Waste Disposal Facility Criteria Technical Manual;” EPA530-
R93-017; November 1993, the MSWLF is located outside the seismic zones (Cardenas-
Salcedo, 1995, Figure 4 of Appendix H). 

2.10.4. Unstable Areas 
§330.61(j)(4) 

Appendix H contains the 1995 certification by John C. Karlsruher, P.E., Cardenas-
Salcedo and Associates, Inc., stating that the Fort Bliss MSWLF is not located on 
unstable areas. In addition, slope stability and settlement analyses for the alternative final 
cover design are provided in Appendix I. 

2.11. Groundwater and Surface Water 
2.11.1. Groundwater Conditions 

§330.61(k)(1) 

The primary source of groundwater in the MSWLF area is the unconsolidated and semi- 
consolidated Hueco Bolson deposits.  These deposits range between 600 and 1,200 feet 
below the surface and supply the City of El Paso, Ciudad Juarez (Chihuahua, Mexico) 
Fort Bliss Military Reservation, private industries, and agricultural areas.  A thick, 
unsaturated layer approximately 300 ft deep lies above the Hueco Bolson deposits near 
the MSWLF.  No known perched water tables in the vicinity of the MSWLF exist at 
present. 

Groundwater monitoring requirements under 30 TAC §330.403 (relating to Groundwater 
Monitoring Systems), §330.405 (relating to Groundwater Sampling and Analysis 
Requirements), §330.407 (relating to Detection Monitoring Program for Type I 
Landfills), and §330.409 (relating to Assessment Monitoring Program) were suspended 
by the executive director on May 22, 1996, based on Fort Bliss’ demonstrating that no 
potential exists for migration of hazardous constituents from the MSWLF unit to the 
uppermost aquifer as defined in 30 TAC §330.3 of this title (relating to Definitions) 
during the active life and the closure and post-closure care period of the unit. The 
groundwater monitoring suspension approval is located in Appendix F. 
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2.11.2. Surface Water 
§330.61(k)(2) 

No surface water bodies exist at or near the MSWLF as noted in the 2005 Storm Water 
Pollution Prevention Plan. The MSWLF is located in West Texas where desert conditions 
exist. Daytime summer temperatures range between 90 and 105 degrees Fahrenheit (oF) 
and winter temperatures range from 55 to 60 oF.  The surrounding area receives less than 
10 inches of rain per year and relative humidity is very low. Depending upon the intensity 
and duration of each precipitation event, the water delivered by the occurrence may 
infiltrate into the soil or become surface water runoff.  The infiltrated water may 
percolate downward to the water table or return to the atmosphere via evapotranspiration. 
The surface water runoff may flow downstream to the stormwater retention basin located 
approximately two miles south of the landfill (Figure 2-15).  This pond retains runoff 
temporarily and releases it slowly. As mentioned previously the MSWLF is located 
where desert conditions exist; therefore, surface water flow in the vicinity of the MSWLF 
is limited. 

The Rio Grande is the only perennial water body in the vicinity of the MSWLF.  Runoff 
from the Franklin Mountains flows into the Rio Grande Basin approximately two miles 
west of the MSWLF. 

2.11.3. TPDES Storm Water Permit 

2.11.3.1. Certification Statement 
§330.61(k)(1)(A) 

Fort Bliss complies with all applicable Texas Pollutant Discharge Elimination System 
(TPDES) storm water permitting and Clean Water Act requirements. The required 
certification statement is located in Appendix J. 

2.11.3.2. Individual Wastewater Permit 
§330.61(k)(1)(B) 

The MSWLF does not require coverage under an individual wastewater permit. 

2.12. Abandoned Oil and Water Wells 
2.12.1. Location of Existing and Abandoned Water Wells 

§330.61(l)(1) 

Not Applicable. No existing or abandoned water wells are located within the facility 
boundary. 
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2.12.2. Location of Oil Wells 
§330.61(l)(2) 

Not Applicable. No existing or abandoned oil wells are located within the facility 
boundary. 

2.13. Floodplains and Wetlands Statement 
2.13.1. Data on Floodplains 

§330.61(m)(1) 

The Flood Insurance Rate Map (Figure 2 of Appendix H) shows that the MSWLF is 
located outside the 100-year floodplain but within the 500-year flood area. 

2.13.2. Wetlands Determination 
§330.61(m)(2) 

Figure 3 in Appendix H, from Mr. Robert Purdon, District Conservationist, United States 
Department of Agriculture (USDA) Soil Conservation Service dated August 1994 
indicates no designated wetlands are located within the MSWLF and the surrounding 
area. 

2.13.3. Wetlands Located Within the Facility 
§330.61(m)(3) 

No designated wetlands are located within the MSWLF and the surrounding area (see 
Section 13.2 Wetlands Determination above).  

2.14. Endangered or Threatened Species 
2.14.1. Impact Upon Endangered or Threatened Species 

§330.61(n)(1) 

No threatened or endangered species (federally listed) or critical habitat are located in the 
MSWLF area (Fort Bliss Integrated Natural Resource Management Plan, U.S. Army, 
2001; Fort Bliss Texas and New Mexico and Master Plan Draft Supplemental 
Environmental Impact Statement, U.S. Army, 2006).  The landfill is surrounded by 
mesquite coppice dune habitat.  The MSWLF itself is disturbed during daily operations.  
The Texas horned lizard (Phrynosoma cornuta), a state threatened reptile in Texas, may 
re-populate the area over time.  Cells capped approximately five years ago at this 
MSWLF show establishment of at least 20 species of plants.  The soil has also been 
repopulated by several animal species such as the Chihuahua whiptail lizard 
(Cnemidophorus exsanguis), termites (a gallery ever 34 square meters), and a number of 
species of ants including the genus Pogonomermix sp. which is the primary food source 
for this reptile. However, no mounds were located during Fort Bliss’s studies.  According 
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to Fort Bliss documents, it is likely that upon closure the MSWLF area will gradually 
return to Texas horned lizard habitat. 

2.14.2. Compliance Demonstrations 
§330.61(n)(2) 

Table 2-2 provides the specific data relating to endangered and threatened species in the 
El Paso region. The proposed height increase does not affect the facility footprint or 
otherwise change previous compliance demonstrations. 

2.15. Texas Historical Commission Review 
§330.61(o) 

Appendix E contains the request for a review letter from the Texas Historical 
Commission documenting compliance with the Natural Resources Code, Chapter 191, 
Texas Antiquities Code. The letter of review will be kept on file at Fort Bliss. Please note 
that the Fort Bliss MSWLF is a fully developed, permitted, operational site. 

2.16. Council of Governments and Local Government Review 
Request 
§330.61(p) 

The following council of governments and local government agencies have received a 
copy of Part I and II of this permit modification package for their review for compliance 
with regional solid waste plans.  Documentation that a review letter was requested from 
local government agencies is provided in Appendix K.  The letters of review will be kept 
on file at Fort Bliss. 

1. International Boundary and Water Commission, U.S. Section, 4171 N Mesa St 
Ste C-310, El Paso, TX 79902-1422 

2. El Paso City-County Health & Environmental District., 5115 El Paso Dr, El Paso, 
TX 79905-2818 

3. Environmental Services, 7968 San Paulo, El Paso, TX 79907 

4. Rio Grande Council of Governments, 8037 Lockheed Drive, Suite 100 

El Paso, TX 79925       

5. El Paso County Judge, Suite 301, 500 E San Antonio Ave., El Paso, TX 79901-
2419 
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6. State Representative Joe Pickett, Texas House of Representatives, District 79 
Room (915) 590-4349, Austin, TX 78768 

7. State Senator Jose Rodriquez, Texas Senate District 29 P.O. Box 12068, Austin, 
TX 78711 (915) 351-3500 

Table 2-1 
Public Areas within One Mile 

Day Care Facilities 

Children’s Academy 5529 Treadgill Ave El Paso, TX 

Kid’s Corner Preschool 9797 Mc Combs St El Paso, TX 

Open Gate Church (Day Care) 9821 Mc Combs St El Paso, TX 

Wee Care Childcare Center 9821 Mc Combs St El Paso, TX 

Recreational 

Student Memorial Park 9425 Vicksburg El Paso, TX 

Dolphin Park 5900 Marlin El Paso, TX 

Boys and Girls Club 5628 Eisenhower El Paso, TX 

Northeast YMCA 5509 Will Ruth Ave El Paso, TX 

Schools 

Northeast Christian Academy 9899 Mc Combs St El Paso, TX 

Parkland Middle School 6045 Nova Way El Paso, TX 

Irvin High School 9465 Roanoke Dr. El Paso, TX 

Dolphin Terrace Elementary School 9070 Pickerel Dr. El Paso, TX 

Schuster Elementary School 5515 Will Ruth Ave El Paso, TX 

Churches 

Sun Valley Baptist 9901 Mc Combs St El Paso, TX 

Centro Biblica La Luz 5733 Bagdad Way El Paso, TX 

Open Gate Worship Center 9821 Saluki St El Paso, TX 

Praise Temple Baptist 9609 Rutlage El Paso, TX 

Baptist Church 5521 Threadgill Ave El Paso, TX 

Pentecostal Church 5505 Threadgill Ave El Paso, TX 

New Beginning Missionary Church 9491 Railroad Dr. El Paso, TX 

Tobin Park United Methodist 5501 Wren El Paso, TX 

Open Gate Worship Center 9821 Mc Combs St El Paso, TX 
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Templo Christiano Shalom 9629 Mc Combs St El Paso, TX 

World Life Ministries 9613 Mc Combs St El Paso, TX 

Bread of Life Ministries 5735 Will Ruth Ave El Paso, TX 

Mision Apostolica 5631 Saluki Dr. El Paso, TX 

Commercial 

Warehouse 5821 Lexington Rd El Paso, TX 

A&A Millwork 5904 Threadgill Ave El Paso, TX 

Toro Company 9445 and 9650 Railroad Dr. El Paso, TX 

Boeing Company 9526 & 9566 Railroad Dr. El Paso, TX 

Boeing Company 6055 Threadgill Ave El Paso, TX 

Realty Office 9620  Roanoke Dr. El Paso, TX 

The Final Touch 5600  Will Ruth Ave El Paso, TX 

Independent Truck Co 5600  Will Ruth Ave El Paso, TX 

Gas Station 5710 Railroad El Paso, TX 

A+ Auto Repair 9200 Mc Combs El Paso, TX 

Veterinary Clinic 9204  Mc Combs St El Paso, TX 

Northeast Professional Center 9220 Mc Combs El Paso, TX 

Parking Lot 9220 Mc Combs El Paso, TX 

A1 Welding 9278 Mc Combs El Paso, TX 

EC Transmissions 9280 Mc Combs El Paso, TX 

Tow NE Mini Warehouse 5819  Lexington Rd El Paso, TX 

TA & V Tire & Auto Service 9300 Mc Combs St El Paso, TX 

Cardenas Grocery 9224 Mc Combs St El Paso, TX 

Dairy Queen 9332 Mc Combs St El Paso, TX 

Tony Lewis Auto Body Shop 9400 Mc Combs St El Paso, TX 

Chevron Station 9404 Mc Combs St El Paso, TX 

Perry Cleaners 9408 Mc Combs St El Paso, TX 

Auto Repair 9418 Mc Combs St El Paso, TX 

Skyline Shopping Center 9440 Mc Combs St El Paso, TX 

Galaxy In Print Inc. 5939 Railroad El Paso, TX 

Peter W Dahl Co 5869 Waycross Ave El Paso, TX 

Autoparts Unlimited 5843 Waycross El Paso, TX 

Skyline Auto 5847 Waycross El Paso, TX 

El Paso Truss 9831 Railroad Dr El Paso, TX 

Daniels Moving 9700 Railroad Dr El Paso, TX 

Dust-Tex 5906 Threadgill Ave El Paso, TX 

Gas Station 9635 Mc Combs St El Paso, TX 

Restaurant 9633 Mc Combs St El Paso, TX 

Beauty Salon 9613 Mc Combs St #B El Paso, TX 

Car Wash 9609 Mc Combs St El Paso, TX 

Bakery/Donut Shop 9601 Mc Combs St El Paso, TX 
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Appliance Repair 5604 Will Ruth #A El Paso, TX 

Archery Shop 5604 Will Ruth #B El Paso, TX 

Professional Automated Controls 5604 Will Ruth #C El Paso, TX 

Colonial Storage Center 5717 Will Ruth El Paso, TX 

Doggie Day Care 9795 Mc Combs St El Paso, TX 

Goodtime Store 9787 Mc Combs St El Paso, TX 

Dutch Trading Company 9787 Mc Combs St El Paso, TX 

Jerry's Video 9787 Mc Combs St El Paso, TX 

Paola's Fashion 9787 Mc Combs St El Paso, TX 

Encore Thrift Store 9787 Mc Combs St El Paso, TX 

Cornerstone 9787 Mc Combs St El Paso, TX 

Safety Clean 9696  Railroad Dr. El Paso, TX 

Skyline Shopping Center 9420-9440 Mc Combs St El Paso, TX 

Skyline Shopping Center 5837  Waycross Ave El Paso, TX 

Tony Lewis Body Shop Mc Combs St El Paso, TX 

Storage 5823  Lexington Rd El Paso, TX 
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Table 2-2 
Endangered Species List 
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Figure 2-1:  Wind Rose Yearly Average 

No change to this Figure
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Figure 2-2:  Wind Rose December Average 

No change to this Figure
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Figure 2-3:  Wind Rose May Average 

No change to this Figure
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Figure 2-4:  Wind Rose September Average 

No change to this Figure
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Figure 2-5:  Access Roads & Existing Structures 

No change to this Figure
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Figure 2-6:  General Location Map 

No change to this Figure
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Figure 2-7:  Roads Within One Mile 

No change to this Figure
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Figure 2-8:  Topographic Map 

No change to this Figure
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Figure 2-9:  1967 USGS Aerial Photograph 

No change to this Figure
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Figure 2-10:  1974 USGS Aerial Photograph 

No change to this Figure
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Figure 2-11:  1988 USGS Aerial Photograph 

No change to this Figure
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Figure 2-12:  1991 USGS Aerial Photograph 

No change to this Figure
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Figure 2-13:  1996 USGS Aerial Photograph 

No change to this Figure
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Figure 2-14:  2003 USGS Aerial Photograph 

 

No change to this Figure
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3. Part III of the Application 

3.1. Site Development Plan 
§330.63(a) 

The Site Development Plan provides for the safeguarding of the health, welfare, and 
physical property of the people and the environment through consideration of geology, 
soil conditions, drainage, land use, zoning, adequacy of access roads and highways, and 
other considerations as the specific facility dictates. The Site Development Plan 
encompasses the items listed in this Section. Please note that the Fort Bliss MSWLF is a 
fully developed, permitted, operational site. This permitting action is to request approval 
of an optimized ET Final Cover System as an alternative final cover system for closure of 
the Fort Bliss Landfill. 

3.2. General Facility Design 
3.2.1. Facility Access 

§330.63(b)(1) 

The MSWLF perimeter chain link fencing with barbed wire protects the public from 
exposure to potential health and safety hazards and discourages unauthorized entry or 
uncontrolled disposal of solid waste or hazardous materials by providing a physical 
barrier.  Further discussions of facility access are provided in Part II of the Application. 

3.2.2. Waste Movement 
Only municipal solid waste, C&D debris, and RACM are accepted at the MSWLF. The 
two active cells are shown on Sheet 2 of Appendix B. 

3.2.2.1. Flow Diagrams 
§330.63(b)(2)(A) 

The storage, processing, and disposal sequences for the various types of wastes and 
feedstocks received are shown on Figure 3-1. 

3.2.2.2. Schematic View Drawings 
§330.63(b)(2)(B) 

The various phases of collection, separation, processing, and disposal applicable for the 
types of wastes and feedstocks received at the facility are shown on Figure 3-2. 
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3.2.2.3. Ventilation and Odor Control 
§330.63(b)(2)(C) 

No ventilation or odor control measures are needed for the MSWLF. The wastes received 
are generally inert and conditions are arid. All operations are outside. 

3.2.2.4. Construction Details of all Storage And Processing Units and Ancillary 
Equipment 
§330.63(b)(2)(D) 

Not Applicable. No storage and processing units or ancillary equipment for these 
processes are used at the MSWLF. 

3.2.2.5. Slab and Subsurface of Storage and Processing Components 
§330.63(b)(2)(E) 

Not Applicable. No storage and processing units are used at the MSWLF. 

3.2.2.6. Containment Dikes or Walls 
§330.63(b)(2)(F) 

Not Applicable. No storage and processing units or loading and unloading areas with 
containment dikes or walls are used at the Fort Bliss MSWLF. 

3.2.2.7. Storage of Grease, Oil and Sludge 
§330.63(b)(2)(G) 

Not Applicable. No storage of grease, oil, or sludge is performed at the Fort Bliss 
MSWLF. 

3.2.2.8. Disposition of Effluent from Processing Operations 
§330.63(b)(2)(H) 

Not Applicable. No effluent from processing operations is disposed of at the Fort Bliss 
MSWLF. 

3.2.2.9. Transfer Stations 
§330.63(b)(2)(I) 

Not Applicable. No transfer stations are located at the Fort Bliss MSWLF. 

3.2.3. Sanitation 
§330.63(b)(3) 

Not Applicable. Solid waste processing is not performed at the MSWLF. 
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3.2.4. Water Pollution Control from Processing 
§330.63(b)(4) 

Not Applicable. No processing units are located at the MSWLF, and liquids are not 
generated. 

3.2.5. Endangered Species Protection 
§330.63(b)(5) 

Not applicable. No threatened or endangered species (federally listed) or critical habitat 
are located in the MSWLF area (see Part II of the Application, Section 2.14). 

3.3. Facility Surface Water Drainage Report 
3.3.1. Drainage Analysis 
§330.63(c)(1)(A) 

Appendix L provides the facility surface water drainage report which complies with 30 
TAC §330.63 and §330.303. The following information is provided: 

§ Drawings and Calculations 

§ Design of Drainage Facilities 

§ Sample Calculations 

§ Description of Hydrologic Methods and Calculations 

3.3.2. Flood Control and Analysis 
§330.63(c)(2) 

This section is not applicable; Appendix H provides a flood insurance rate map showing 
that the MSWLF is located outside the 100-year floodplain but within the 500-year flood 
plain. 

3.4. Waste Management Unit Design 
Previous approved permit modifications included a 10-foot height increase to the 
permitted maximum cover elevation of 3945 feet above mean sea level for the Subtitle D 
landfill area as shown on the closure design drawings in Appendix B.  The proposed 
maximum elevation of waste is 3951.4 feet and the proposed maximum elevation of the 
final cover is 3954.4 as a result of the proposed 10-foot height increase indicated on the 
cross-sections on Sheet 5 of the revised closure design drawings.   

The landfill operations for this modification will remain consistent with the 2007 Site 
Operating Plan (Appendix A) and the proposed Closure Plan (Appendix O).   
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Site features such as existing perimeter gas monitoring points, passive vent wells and 
locations of soil borings collected during a geotechnical investigation program 
(Anderson, 1993) for the Subtitle D landfill cell construction are shown on Sheet 2 in 
Appendix B.   

The approved Soil Liner Quality Control Plan for the Subtitle D cell is provided in 
Appendix M for reference. 

3.4.1. Storage and Transfer Units 
§330.63 (d)(1) 

Not Applicable. No storage or transfer units exist at the MSWLF. 

3.4.2. Incineration Units 
§330.63 (d)(2) 

Not Applicable. No incineration units exist at the MSWLF. 

3.4.3. Surface Impoundments 
§330.63 (d)(3) 

Two surface impoundments are located within the MSWLF.  The first impoundment is 
the leachate pond.  The leachate pond was designed to accept excess leachate from the 
leachate collection system and contaminated water from the bermed daily working area 
of the Subtitle D cell and allow it to evaporate.  The leachate pond volume calculation is 
provided in Figure 3-3.  A plan view and cross-section of the leachate pond are provided 
in Figure 3-4.  In accordance with §330.63(d)(3)(A) and (B), the leachate pond includes: 

§ Minimum freeboard:  approximately 3.5 feet as show below 

o The leachate pond was designed to contain the volume of leachate 
generated in a 5-year period and the contaminated water collected in the 
bermed daily working area from a 24-hr, 25-year storm event.  This 
combined volume is extremely liberal in that most of the leachate is 
sprayed onto the face of the active landfill area over several days.  The 
pumped volume has averaged 2,800 gallons per quarter for the last 17 
quarters (over four years).  According to the leachate pumping records, a 
total of 8,400 gallons of leachate were pumped into the leachate pond for 
evaporation during the period from January 26 through May 12, 1998. The 
records indicate that this was the only period during which leachate was 
pumped to the leachate pond. Any leachate pumped to the leachate pond 
would evaporate quickly. 
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o The contaminated water volume of 3,703 ft3 as calculated in the 1995 
Leachate and Contaminated Water Plan is for a contaminated area of 
24,000 ft2.  The actual daily working area of 40’ x 40’ or 1,600 ft2 would 
produce approximately 2,000 gallons or 272 ft3 of contaminated water.  
This is considerably less than the original design volume of 27,697 gallons 
or 3703 ft3. 

o The operational records indicate that a more realistic design approach 
would be to combine the volume of leachate generated in one quarter 
(2,800 gallons) with the volume of water generated in the bermed daily 
working area from a 24-hr, 25-year storm event (2,000 gallons).  This 
combined volume amounts to 4,800 gallons or approximately 640 ft3.  
This volume is 5% of the available volume of the leachate pond and leaves 
a freeboard of more than 3.5 feet. 

§ Basis of design to prevent overtopping resulting from normal or abnormal 
operations:  the leachate pond is designed with excess volume 

§ Prevention of overfilling:  the leachate pond is designed with excess volume 

§ Description of wind and wave action:  minimal, because the leachate pond has 
minimal inflows as described above 

§ Run-on:  a berm around the perimeter of the leachate pond prevents run-on from 
entering the pond 

§ Malfunctions of level controllers, alarms, and other equipment:  not applicable – 
no equipment 

§ Human error:  the leachate pond is designed with excess volume 

The second impoundment is the bermed daily working area. The bermed daily working 
area is the 40’ x 40’ area that is used to dispose of and cover the waste that is accepted in 
one day.  It is surrounded by a two-foot berm.  The rainfall that falls within this bermed 
area and collects in excessive quantities is considered contaminated water.  The Leachate 
and Contaminated Water Plan (1995, Attachment 1), approved by the TCEQ on 
December 27, 1995, calls for this contaminated water to be removed using a vacuum 
truck and transported to the leachate pond for evaporation.  A typical plan view of the 
bermed daily working area is provided in Figure 3-5.  In accordance with 
§330.63(d)(3)(A) and (B), the bermed daily working area includes: 

§ Minimum freeboard:  approximately 1.4 feet.  The depth of water within the 
bermed area resulting from a 24-hour 25-year storm will be about to 0.6 ft, but the 
Leachate and Contaminated Water Plan calls for a two-foot berm around the daily 
working area. 
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§ Basis of design to prevent overtopping resulting from normal or abnormal 
operations:  the bermed daily working area is designed to retain the runoff from 
the 24-hr, 25-year storm event 

§ Prevention of overfilling:  the bermed daily working area is designed to retain the 
runoff from the 24-hr, 25-year storm event 

§ Description of wind and wave action:  minimal due to size of daily working area 
(40’ x 40’) 

§ Malfunctions of level controllers, alarms, and other equipment:  not applicable – 
no equipment 

§ Human error:  the berm around the daily working area is designed to provide 
excess volume 

The original design inflow and volume computations for the leachate and contaminated 
water volumes and the leachate pond volume as provided in the Leachate and 
Contaminated Water Plan are as follow: 

§ Leachate generated over a 5-year period = 55,000 gal x 0.1337 ft3/gal = 7353.5 ft3 

§ Contaminated water volume (based on 24-hr, 25-year storm event = 2.04 inches) 
= 27,697.25 gal x 0.1337 ft3/gal = 3703.12 ft3 

§ Leachate + contaminated water volume = 7353.5 ft3 + 3703.12 ft3 = 11,056.62 ft3 

§ Leachate pond volume = 17,082 ft3 (Figure 3-3) 

3.4.4. Landfill Units 

3.4.4.1. Provisions for All-Weather Operation 
§330.63(d)(4)(A) 

The access road to the landfill entrance is asphalt concrete and useable during all weather 
conditions. The internal access roads to the active fill areas are caliche-based roads 
useable during wet weather conditions. The operator will maintain these internal roads to 
promote drainage and limit ponding during wet weather conditions. 

The paved entrance road and caliche-based roads will provide mud control for the waste 
hauling vehicles prior to exiting the MSWLF and returning to public access roads. Site 
personnel will physically remove mud accumulations on roads. 
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3.4.4.2. Landfill Method Proposed  
§330.63(d)(4)(B) 

The below grade areas at the MSWLF were filled using a trench or area fill method. 
Older sections were trenched. The currently active cells will be filled using area fill 
methods.  

3.4.4.3. Elevations 
§330.63(d)(4)(C) 

Current and proposed landfill elevations are illustrated on the Appendix B drawings. 

3.4.4.4. Calculations of Estimated Solid Waste Deposition and Operating Life 
§330.63(d)(4)(D) 

Calculations preformed in August of 2013 show an estimated 51,800 cy of airspace 
remaining in the Subtitle D cell and 8,160 cy of airspace remaining in the C&D cell.  In 
Fiscal Year 2013 (September 1, 2012 to August 31, 2013) there was very minor 
landfilling of MSW waste at the Subtitle D cell (reportedly 50.8 cy) and approximately 
5,560 cy of C&D placed at the C&D cell. 

3.4.4.5. Landfill Cross-Sections 
§330.63(d)(4)(E) 

Sheet 5 in Appendix B shows the landfill unit cross section. 

3.4.4.6. Construction and Design Details 
§330.63(d)(4)(F) 

The MSWLF is a mature landfill. The MSWLF was permitted in 1982 and comprises 106 
acres, of which approximately 80 acres are closed or inactive. Construction and design 
details are shown on Sheet 5 of Appendix B. 

3.4.4.7. Liner Quality Control Plan 
§330.63(d)(4)(G) 

Appendix M contains the approved Soil and Liner Quality Control Plan. 

3.4.5. Arid Exemption Landfill Unit Criteria 
§30 TAC 330.63 (d)(5) 

Not applicable to the Fort Bliss MSWLF. Landfill units do not meet arid exemption 
criteria. 
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3.4.6. Type V Mobile Liquid Waste Processing Units 
§30 TAC 330.63(d)(6) 

Not applicable. No Type V mobile liquid waste processing units are located at the 
MSWLF. 

3.4.7. Type IX Energy, Material, Gas Recovery, or Landfill Mining Waste 
Processing Units 

§30 TAC 330.63(d)(7) 

Not applicable. No Type IX waste processing units are located at the MSWLF. 

3.4.8. Compost Units 
§30 TAC 330.63(d)(8) 

Not applicable. No compost units or operations occur at the MSWLF. A composting 
facility has been constructed adjacent to the MSWLF, but is located outside the MSWLF 
permitted boundary. 

3.4.9. Type VI Waste Processing Demonstration Facilities 
§30 TAC 330.63(d)(9) 

Not applicable. No Type VI waste processing demonstrations units or facilities are 
located at the MSWLF. 

3.5. Geology Report 
3.5.1. Regional Geology 

3.5.1.1. Geologic Map with Text 
§330.63(e)(1)(A) 

The geologic map of the region with text describing the stratigraphy and lithology of the 
map unit is provided on Figure 9 of the Geohydrologic Site Characterization Report 
(Geohydrologic Report)(Abeyta, 1996) in Appendix D. 

3.5.1.2. Stratigraphic Column in the Facility Area 
§330.63(e)(1)(B) 

The MSWLF is underlain by Hueco Bolson deposits of locally derived materials. The 
Hueco Bolson is a clastic-filled graben extending from a few miles north of the New 
Mexico-Texas border to several miles south into Mexico. Hueco Bolson deposits are of 
Tertiary age and primarily include fluvial and lacustrine deposits, but alluvial-fan 
material and Aeolian sediments also are present. Hueco Bolson deposits are reported to 
have a maximum thickness of about 9,000 feet within a deep structural trough paralleling 
the east base of the Franklin Mountains. 
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Hueco Bolson deposits typically are composed of fine- to medium-grained sand with 
interbedded lenses of clay, silt, gravel, and caliche. These deposits range from 
unconsolidated to slightly consolidated. Sand fragments are composed primarily of chert, 
granite, and porphyry. Individual beds are not well defined and range in thickness from a 
fraction of an inch to about 100 feet. 

Consolidated igneous and sedimentary rocks ranging in age from Precambrian to Tertiary 
are exposed in the Franklin and Hueco mountains. Igneous rocks are predominately 
granitic and are composed of coarse grains of quartz and feldspar. These granitic rocks 
are easily weathered and are a primary source material of the bolson deposits. 

(More detailed discussion is provided in Appendix D). 

3.5.2. Geologic Processes Activity 
§330.63(e)(2) 

Discussions of fault areas, seismic impact zones and unstable areas (see Appendices D 
and H) provide the information about faulting and subsidence required by §330.555(b) 
and §330.559 (relating to fault areas and unstable areas). 

3.5.3. Regional Aquifers 
§330.63(e) 

The regional aquifers are discussed in the Geohydrologic Report in Appendix D. This 
report contains the following information regarding regional aquifers: 

n Aquifer Name 

The Hueco Bolson aquifer exists in the Fort Bliss region. 

n Composition of the Aquifer 

A relatively thick vadose zone of approximately 300 feet overlies the aquifer of the 
Hueco Bolson deposits in the vicinity of the MSWLF. A deep water table prevails for all 
of the Fort Bliss area.  Whether perched water zones exist below the MSWLF is 
unknown. 

n Hydraulic Properties of Aquifer 

Hydraulic characteristics of the Hueco Bolson vary significantly as a result of the 
nonuniform nature of the beds. 

n Water Table or Artesian Conditions 

The Hueco Bolson is an underground water table. 

n Hydraulically Connected Aquifers 
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The Hueco Bolson intermontane valley was produced by numerous diverse faults and 
folds and is divided into two distinct parts. The northern extension of the Hueco Bolson is 
referred to as the Tularosa Basin; the southern extension is referred to as the Hueco 
Bolson proper, thereafter referred to as the Hueco Bolson.  The Tularosa Basin and 
Hueco Bolson are divided indefinitely a few miles north of the New Mexico-Texas 
border.  The Tularosa Basin has no external drainage; the Hueco Bolson is partly drained 
by the Rio Grande. 

n Map of Aquifer 

A map of the Hueco Bolson aquifer is shown on Figure 5 of the Geohydrologic Report 
(Appendix D). 

n Rate of Groundwater Flow 

Transmissivities of Hueco Bolson deposits under water-table conditions in the El Paso 
area are estimated to range from 1,340 to 37,500 feet squared per day (10,000 to 280, 000 
gallons-per-day per foot). 

n TDS Content of Groundwater 

Concentrations of dissolved solids in water from the Hueco Bolson fluvial deposits 
(Figure 11 of the Geohydrologic Report) range from 300 parts per million to more than 
1,500 parts per million; concentrations of dissolved solids in water from underlying lake 
deposits are as much as 50,000 parts per million. El Paso Water Utilities reports that 
dissolved-solids concentrations in the MSWLF vicinity range from 297 to 625 milligrams 
per liter (wells JL-49-05-904 and JL-49-05-915 respectively) but concentrations have 
been measured as high as 1,312 milligrams per liter (well JL-49-05-914, April 7, 
1992)(Table 5, Appendix D). 

n Aquifer Recharge 

The Hueco Bolson aquifer underlying the MSWLF is recharged primarily by inflow from 
mountainous areas to the north, west, and east. Recharge resulting from direct infiltration 
of precipitation is minor due to the high evaporation and low precipitation rates.  

n Groundwater Drawn from Aquifer 

The city-operated Sherman Well Field, located north of the MSWLF, is a primary source 
of ground water for the City of El Paso. The test-pumping rate of well JL-49-05-914 (the 
well nearest to the MSWLF having test-pumping data) was 1,972 gallons per minute on 
July 20, 1992; the static water level prior to pumping was 317.54 feet below land surface. 
El Paso Water Utilities reports that the pumping level after eight hours of pumping was 
367.80 feet below land surface, resulting in a drawdown of 50.26 feet, transmissivity of 
22, 200 feet squared per day (166,000 gallons-per-day per foot), and specific capacity of 
39.2 gallons per minute per foot of drawdown. After the pump was shut off, the well 
recovered to a static water level of 317.46 feet below land surface on July 21, 1992. 
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3.5.4. Boring Log 
§330.63(e)(4) 

The geotechnical investigation along with subsurface soil exploration at the MSWLF is 
described in the 1993 report provided by Danny R. Anderson, P.E. Consultant, Inc. to 
Cardenas Salcedo and Associates, Inc. (see Appendix N). The report contains information 
for four borings; surface elevation location coordinates; columnar section with text 
showing the elevation of all contacts between soil and rock layers, description of each 
layer using the unified soil classification, color, degree of compaction, and moisture 
content. A key explaining the symbols used in the boring logs and the classification 
terminology for soil type, consistency, and structure are provided.  The locations of the 
boring sites are provided in the report and are shown on Sheet 2 of Appendix B. The 
report provides information on the following: 

n Geotechnical Properties of the Soils and Rocks Beneath the MSWLF 

§330.63(e)(4)(H) 

Four borings were drilled to establish subsurface stratigraphy and to determine 
geotechnical properties of the soils beneath the facility.  Soil stratification analysis and 
consistencies were determined based on laboratory tests of the soils extracted and 
classified from the borings. Testing of soils was performed in the laboratory to determine 
penetration resistance, compressive strength, and soil type. Detailed numerical results of 
the laboratory testing are provided in Appendix N (Anderson, 1993). 

n Identification of the Uppermost Aquifer or any other Lower Level Aquifers 
Hydraulically Connected 

The primary groundwater in the El Paso area consist of the Hueco Bolson, Mesilla 
Bolson, and Rio Grande Alluvian Deposits. The un-consolidated and semi-
unconsolidated sedimentary deposits of the Hueco Bolson comprise the only groundwater 
aquifers in the immediate vicinity of the MSWLF.  The Hueco Bolson deposits are 
between 600 and 1200 feet deep, limiting the potential for seepage from the MSWLF to 
reach the aquifer. The extent to which underlying aquifers exist below the Hueco Bolson 
deposits is unknown. 

Groundwater wells located near the MSWLF indicate that groundwater depth is much 
further below the landfill surface than the geotechnical boring sample depths. 
Groundwater wells within the vicinity are listed in the report provided in Appendix N. 
The majority of the wells indicate groundwater depth from the surface is over 300 feet. 
Geotechnical boring descended only 51.5 feet below the surface. No groundwater was 
encountered and no after-equilibrium measurements were made as a result of the depth to 
water (Anderson, 1993). 
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n Field Exploration Method 

Subsurface soil strata and existing conditions at the MSWLF were visually inspected or 
taken from four test borings made with an 8.5 inch hollow stem auger drilled to 51.5 feet. 
Samples were field extracted, classified, and identified based on depth and boring number 
(see Appendix N). 

n Installation, Abandonment, and Plugging of the Borings 

Installation, abandonment and plugging of the boring was performed in accordance with 
rules of the commission (Anderson, 1993). 

n Number and Depth of Borings Modified 

The extent to which the number or depth borings were modified in 1993 is unknown. No 
additional boring information is available for the MSWLF. Previous number and depths 
of the borings at the MSWLF are discussed in Appendix N. 

n Electrical Resistivity 

Not applicable.  Electrical resistivity was not utilized during soil boring operations at the 
MSWLF. 

n Cross-sections of the Borings 

Cross-sections were prepared from the borings depicting the generalized strata at the 
facility. See Appendix N (Anderson, 1993). 

n Investigator’s Interpretations 

A narrative that describes the investigator’s interpretations of the subsurface stratigraphy 
based upon the field investigation is provided in Appendix N. 

3.5.5. Geotechnical Data 
§330.63(e)(5)(A)-(F) 

An investigation was conducted to assess the MSWLF soils for geotechnical 
characteristics linked to the use and operations of the MSWLF. Subsurface soil strata and 
existing conditions at the MSWLF were visually inspected or taken from the four 
borings. Soil samples were field extracted, classified, and identified based on depth and 
boring number (Appendix N, Anderson, 1993). 

n Laboratory Report of Soil Characteristics 

Soil stratification analysis and consistencies were determined based on laboratory tests of 
the soil samples. Testing of soils was performed in the laboratory to determine 
penetration resistance, compressive strength, and soil type. Detailed numerical results of 
the laboratory testing are provided in the report located in Appendix N (see Anderson, 
1993). 
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n Permeability Tests on Undisturbed Soil Samples 

Soil permeability tests were performed to determine the material best suited for a liner 
material for the Subtitle D section of the MSWLF. The stratified soil samples obtained 
from the boring holes were tested by a standard Flexible Wall Permeameter to determine 
acceptable Saturated Porous Material conductivity for MSWLF soils. Atterberg limits, 
Moisture-Density Relations, and Sieve Analysis tests were also performed on soil 
material. Hydraulic conductivities and physical properties are documented and tabulated 
in the report (see Appendix N). 

n Groundwater Depths and After-Equilibrium Measurements from Soil Boring 
Encounters 

Groundwater wells located near the MSWLF indicate that groundwater depth is much 
further below the ground surface than the boring depths. Groundwater wells within the 
MSWLF vicinity are listed in Appendix D. The majority of the wells indicate 
groundwater depth from the surface is over 300 feet. Geotechnical borings descended to 
51.5 feet below the surface. No groundwater was encountered, and no after-equilibrium 
measurements were made as a result of the depth to water (Abeyta, 1996). 

n Records of Water-Level Measurements 

Relevant groundwater level depths from wells located near the MSWLF are recorded in 
the geohydrologic report located in Appendix D. The Texas well identification code, 
location, use, owner, well depth, and elevation of water level above MSL are provided. 
No other records than those provided in Appendix D exist for the areas surrounding the 
MSWLF. The files are compiled by the El Paso Water Utilities and USGS files (Abeyta, 
1996). 

n Tabulation of All Relevant Groundwater Monitoring Data from Well on Site or 
Adjacent 

All relevant groundwater monitoring data are tabulated on Figure 5 of Appendix D. 

n Hydraulically Connected Aquifers 

The primary sources of ground water in the area consist of the Hueco Bolson, Mesilla 
Bolson, and Rio Grande Alluvian Deposits. The un-consolidated and semi-
unconsolidated sedimentary deposits of the Hueco Bolson comprise the only groundwater 
aquifer in the immediate vicinity of the MSWLF. The Hueco Bolson deposits are 
between 600 and 1200 feet deep, limiting the potential for seepage from the MSWLF to 
reach the aquifer. The extent to which underlying aquifers exist below the Hueco Bolson 
deposits is unknown (Abeyta, 1996). 



 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Permit Modification – Fort Bliss Municipal Solid Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
3-14 

 

3.5.6. Arid Exemption 
§330.63(e)(6) 

Not applicable.  Fort Bliss is not seeking an Arid Exemption for the MSWLF. 

3.6. Groundwater Sampling and Analysis Plan 
§330.63(f) 

Groundwater monitoring requirements under 30 TAC §330.403 (relating to Groundwater 
Monitoring Systems), §330.405 (relating to Groundwater Sampling and Analysis 
Requirements), §330.407 (relating to Detection Monitoring Program for Type I 
Landfills), and §330.409 (relating to Assessment Monitoring Program) were suspended 
by the executive director on May 22, 1996. The TCEQ approved the groundwater 
monitoring suspension based on demonstration by Fort Bliss of no potential for migration 
of hazardous constituents from the MSWLF unit to the uppermost aquifer as defined in 
30 TAC §330.3 (relating to Definitions). The suspension approval is provided in 
Appendix F. 

3.7. Landfill Gas Management Plan 
§330.63(g) 

In accordance with Subchapter I of Chapter 330, all gases will be monitored at the 
MSWLF as described in its 1994 “Workplan for Methane Monitoring at the Municipal 
Solid Waste Landfill Facility, U.S. Army Air Defense Artillery Center and Fort Bliss, El 
Paso, Texas.” This Workplan was approved by TCEQ on June 9, 1995. Quarterly 
methane monitoring provisions are in place. The required reports and other submittals to 
the TCEQ are retained by the Fort Bliss Directorate of Public Works – Environmental 
Division (DPW-ED) in the operating record. 

Conventional landfill covers typically include a gas collection layer and passive gas vents 
to relieve landfill gas pressures on the overlying impermeable geomembrane and 
minimize slope stability concerns.  The optimized ET landfill cover will only consist of 
course-grained permeable soil; therefore, no passive gas venting system is proposed as 
part of the final optimized ET landfill cover design.  Rather, the ET cover soils will 
naturally and effectively vent landfill gas, similar to the existing conditions and the 
daily/intermediate cover soil at the site.  Additionally, the microbes in the ET cover soil 
will oxidize some of the methane as it vents, creating more environmentally friendly 
emissions.  While the venting of the landfill gas may impact vegetative growth on the 
landfill cover, the ET cover system was designed to be effective with only 10% 
vegetative coverage.  Based on the operational and regulatory history of the landfill (83 
acres of 1970’s era waste), significant landfill gas generation is not expected.  Should 
excessive methane concentrations be detected in perimeter landfill gas monitoring probes 
or ambient landfill air during routine landfill gas monitoring, corrective venting and 
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reporting procedures are outlined in the Fort Bliss Guidance Document titled Procedures 
Following a Methane Exceedance. 

3.8. Closure Plan 
§330.63(h) 

The approved 2008 Closure Plan has been updated to reflect the proposed final optimized 
ET cover design, cost estimates, and 30 TAC §330 requirements. The updated plan is 
located in Appendix O. 

3.9. Post-Closure Plan 
§330.63(i) 

The March 2008 Post-Closure Care Plan prepared by Malcolm Pirnie, Inc. has been 
updated and meets the requirements of 30 TAC §330.463. The updated Post-Closure Care 
Plan is located in Appendix P. 

3.10. Cost Estimate for Closure and Post-Closure Care 
§330.63(j) 

As an agency of the Federal Government, Fort Bliss is not required to complete financial 
assurance mechanism requirements. Therefore, a closure cost estimate is not required per 
30 TAC §330.5. 
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Figure 3-1:  Waste Flow Diagram 

No change to this Figure
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Figure 3-2:  Disposal Schematic 

 

No change to this Figure 
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4. Part IV of the Application 

4.1. Site Operating Plan 
§300.65(a) 

A Site Operations Plan (SOP) has been previously submitted.  The current permit 
application modification does not propose any changes to the SOP.   

4.2. EMS and NEPT 
§330.65(b) 

This section is not applicable. The MSWLF does not participate in the National 
Environmental Performance Track program. The installation does have an Environmental 
Management System that meets ISO-14001 standards but has not received 
approval/certification under 30 TAC §90.32. 

4.3. Procedures for Recirculating Leachate or Gas Condensate 
into a Landfill Unit 
§330.65(c) 

Methane gas is managed in accordance with the current Methane Gas Management Plan. 
Gas condensate recirculation does not apply to the MSWLF Landfill. The leachate will be 
monitored and measured through the leachate monitoring pipe at least quarterly during 
the landfill active period and annually during the landfill post closure care period. If the 
leachate is more than 12 inches (30 centimeters) deep in the landfill, it is pumped out 
through the leachate transfer pipe and spread back in the Subtitle D cell. 

4.4. Grease Trap Waste, Grit Trap Waste or Septage Processing 
Facilities 
§330.65(d) 

This section is not applicable. The MSWLF does not handle grease trap waste, grit trap 
waste, or septage. 
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1. Introduction 

This report presents the results of our slope stability and settlement analysis performed 
for the Municipal Solid Waste Landfill (MSWLF) of Fort Bliss as part of the permit 
application for the proposed optimized Evapo-Transpiration (ET) alternative landfill 
closure design at the MSWLF. 

The MSWLF is located northwest of Biggs Army Airfield and 300 feet east of the 
Southern Pacific Railroad tracks in El Paso County, Texas.   

The Fort Bliss MSWLF includes active Subtitle D Type I and Type IV landfill cells that 
are currently in use to serve the entire U.S. Army Fort Bliss area. The landfill has been 
managed and operated by private contractors since January 1974. The landfill area 
comprises five distinct areas: 

§ 1970’s-era inactive cells (Cell 1, 2, 4 and 5) that cover 80-acres and are unlined 
and without leachate collection.  

§ A 3-acre Type 1 cell (Cell 3) with final cover in place (non-Subtitle D) that was 
closed in 1999. 

§ A 10.5-acre Type 1 active cell meeting Subtitle D requirements (Subtitle D cell).  
This cell is lined and has a leachate collection system. This cell is anticipated to 
reach capacity in 2014. 

§ A 5-acre active Type IV construction and demolition (C&D) debris cell. This cell 
is unlined and without leachate collection. This cell is anticipated to reach 
capacity in 2014. 

§ Approximately 7 acres designated for landfill roads, access areas, guard 
shack/scale house, etc. 
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2. Slope Stability Analysis 

Several Sections are cut across the site to evaluate the slope condition and soil profile and 
select critical cross sections for stability analysis. The locations of the Sections are shown 
on Figures 1A and 1 B.  

Stability analysis was performed on two selected cross sections in order to determine the 
factor of safety (FOS) for the proposed closure configuration. The selection of the cross 
sections analyzed was based on the most critical sections considering slope heights and 
slope inclination for the proposed final landfill grading plan and anticipated subgrade 
condition that occur through the Subtitle D landfill area. The two selected cross sections 
are from stationing 5+00 to 10+00 and from stationing 12+00 to 17+00 in Section E-E’ 
(Figure 4). Section E-E runs from northeast to southwest across the landfill site and 
Subtitle D cell as shown on Figures 1A and 1B.  

The analysis was based on the generalized soil stratigraphy of existing subgrade, existing 
liner, waste fill material, and the proposed cover cap system. Based on available 
information and our experience with similar materials, the following material parameters 
were assumed: 

Table 2-1 Assumed Material Characteristics 

Soil/Material Type Unit Weight (pcf) Cohesion (psf) Friction Angle (degree) 

Native Subgrade  120 0 32 

Existing Liner 120 0 16 

Waste Fill 65 0 32 

Cover Cap 120 0 30 

 

The friction angle of existing liner is selected by recognizing that the strength of the liner 
is dominated by the soil-geosynthetic interface friction angle in the liner layer. 

The referenced documentation indicates that the ground water elevation is located 300 
feet or more in depth at the site. At this depth, ground water does not affect the slope 
stability and therefore it was not considered in the analysis. 

Slope/W (Geo-Slope 2013) was used to perform the slope stability analysis. The analysis 
indicates that the slope is stable with a FOS of 3.25 or greater. 

Graphical presentations of the results are provided in Attachment 1. 
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3. Settlement Analysis 

Settlement analysis was performed for selected cross sections (from Section C-C’, D-D’ 
as shown on Figure 3, and Section E-E’ as shown on Figure 4) for the proposed closure 
design. The purpose of the settlement analysis is to evaluate the effect of settlement to the 
designed 2% slope. The desired grade is between 2% and 5% slope at the end of the 30-
year post closure period.  

The inactive cells have been closed for 15 years (Cell 3) to 30 plus years (Cell 1, 2, 4 and 
5). It is reasonable to assume that the majority of the long-term settlement in those areas 
has occurred. The native soil near ground surface in landfill roads and access areas 
mainly consists of medium dense to dense sand. The settlement in the areas of the 
inactive cells and landfill roads and access areas due to the proposed final grading is 
judged to be insignificant comparing to the anticipated settlement in the active cells. 
Therefore, the settlement analysis of this study was focused on settlement in the active 
cells. 

The settlement in the active cells comprises settlement associated with consolidation of 
the native soil underlying the landfill cells (referred as landfill foundation settlement) and 
settlement associated with consolidation of the waste material (referred as landfill waste 
settlement). The former is judged to be negligible comparing to the latter. Malcom Pirnie 
(2008) estimated landfill foundation settlement at less than 0.021 inches.  

The landfill waste settlement calculations are based on classical soil mechanics 
consolidation theory and include primary consolidation and secondary consolidation. The 
time of primary consolidation of the landfill waste was assumed to be about 3 months 
(from Oweis and Khera et al 1998) for this study. The cover construction is currently 
scheduled to start in October 2015 or later. It is our understanding that by July 2015, the 
majority of the active cells will be at or near designed full capacity. From this estimate, 
we can assume that the final cover will only be subjected to the primary consolidation 
from the cover and the secondary consolidation that will occur during post-construction. 

The landfill waste settlement was estimated using Sower’s model (Sower 1973). The 
model can be expressed as 

DH = HCc log((s0+Ds)/s0) + HCa  log(t2/t1) 

Where DH=settlement due to primary and secondary consolidation; H=initial thickness 
of the waste layer; Cc=primary compression index; s0=existing overburden pressure 
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acting at midlevel of the layer; Ds=increment of overburden pressure acting at midlevel 
of the layer; Ca =secondary compression index; t1=time for completion of initial 
(primary) consolidation; and t2=ending time period for which long-term settlement of 
layer is desired. The ranges of primary and secondary compression index for landfill 
waste were selected based on published data and literatures on MSW landfills and 
presented in the following Table 3-1: 

Table 3-1 Assumed Compression Indices 

Range Primary Compression Index Cc Secondary Compression Index Ca   

Lower Bound 0.15 0.02 

Upper Bound 0.25 0.07 

 

Estimated settlements were made at various locations along the length of the cross 
sections as shown on Figure 3 and Figure 4. Based on the discussion above, the total 
settlement is controlled by the thickness of the landfill waste. The selection of the 
locations was based on the variations of the landfill waste thickness and the designed 
grading. For example, point b is at the top of the active Subtitle D cell where the 
thickness of the landfill waste (and the anticipated settlement) is the largest; Point a is at 
the location where the designed cell bottom slope (and the landfill thickness) is about to 
change significantly; Point a’ is at the cell limit where the landfill waste thickness (and 
the anticipated settlement) is negligible.  

Secondary settlement calculations of the landfill waste were performed for one year, 
fifteen years, and thirty years after the final cover placement. For these calculations, it 
was estimated that primary settlement occurred over 3 months. A summary of the 
analysis results of the settlement is presented in the following Table 3-2: 

Table 3-2 Settlement Summary 

Point  Landfill Waste 
Thickness (ft) Range 

Primary 
Settlement 
(ft) 

Secondary 
Settlement in 30 
years (ft) 

Total 
Settlement in 
30 years (ft) 

a 38 
Lower Bound  1.04  1.58  2.62 

Upper Bound  1.73  5.53  7.26 

b 42 
Lower Bound  1.07  1.75  2.82 

Upper Bound  1.79  6.11  7.90 

c 36 
Lower Bound  1.02  1.50  2.52 

Upper Bound  1.70  5.24  6.94 

d 38 
Lower Bound  1.04  1.58  2.62 

Upper Bound  1.73  5.53  7.26 
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Point  Landfill Waste 
Thickness (ft) Range 

Primary 
Settlement 
(ft) 

Secondary 
Settlement in 30 
years (ft) 

Total 
Settlement in 
30 years (ft) 

e 44 
Lower Bound  1.09  1.83  2.92 

Upper Bound  1.81  6.40  8.22 

f 38 
Lower Bound  1.04  1.58  2.62 

Upper Bound  1.73  5.53  7.26 

g 36 
Lower Bound  1.02  1.50  2.52 

Upper Bound  1.70  5.24  6.94 

h 46 
Lower Bound  1.10  1.91  3.02 

Upper Bound  1.84  6.69  8.53 

i 36 
Lower Bound  1.02  1.50  2.52 

Upper Bound  1.70  5.24  6.94 

j 32 
Lower Bound  0.98  1.33  2.31 

Upper Bound  1.63  4.66  6.29 

k 32 
Lower Bound  0.98  1.33  2.31 

Upper Bound  1.63  4.66  6.29 

Based on the estimated total settlement above, the resulting differential settlement across 
the cap were calculated and shown in the Table 3-3 below:  

Table 3-3 Estimated Range of Differential Settlement 

Points Range Differential 
Settlement (ft) Distance (ft) Change of 

Grade (%) 

a-b 
Lower Bound 0.20 

250 
0.08 

Upper Bound 0.64 0.26 

b-c 
Lower Bound 0.30 

250 
0.12 

Upper Bound 0.96 0.38 

d-e 
Lower Bound 0.30 

250 
0.12 

Upper Bound 0.96 0.38 

e-f 
Lower Bound 0.30 

250 
0.12 

Upper Bound 0.96 0.38 

g-h 
Lower Bound 0.50 

350 
0.14 

Upper Bound 1.59 0.45 

h-i 
Lower Bound 0.50 

350 
0.14 

Upper Bound 1.59 0.45 

j-k 
Lower Bound 0.00 

100 
0.00 

Upper Bound 0.00 0.00 
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These differential settlement will not adversely affect the cross slope across the cap. The 
designed slope of 2% should stay more or less intact. The settlements are expected to 
taper gradually when approaching the cell limits. At cell limits (point a’, c’, d’, f’, g’, i’, 
j’, and k’), the settlement is assumed to be negligible comparing to the magnitude of 
estimated total settlements in table above. The grade around Subtitle D cell limit will 
likely still maintain positive with minimum slope of 2% as the waste in the cell will be 
stacked up 15-20 feet above surrounding ground and the designed outboard grade is 
about 3 (horizontal) :1 (vertical) near the cell limits. However, the active C&D cell will 
likely see less than 2% grade near the south cell limit (point k to k’). Grading 
modification is recommended in this area.  To account for the anticipated settlement in 
the active C&D area, the slopes were increased to a 5 percent slope.   

The proposed Photovoltaic (PV) system will add additional load to the cover and the soil 
beneath. The load was estimated at 1.5 psi (210 psf). Based on the shape and size of the 
ballast, Boussinesq stress contour chart for infinitely long footings was used to compute 
pressure distribution underneath the ballast induced by this additional load. The 
additional settlement due to the load of PV system was estimated at less than 2 inch. This 
amount of settlement will not cause negative disruption to the cap such as ponding of 
storm water runoff. 

Sample settlement calculations are available in Attachment 2. 
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Project Number

04575026.0000

Date

6/12/2014

Slope Stability Analysis ResultJ. Hu

Analyzed 

Staff

Checked

        Municipal Solid Waste Landfill           
                  Fort Bliss, Texas      

File Name: CrossSection12+00-17+00.gsz
Last Saved Date: 6/12/2014
Analysis Type: Spencer
Cross Section 12+00 to 17+00
Seismic Load: 0g
Analysis View: 2D

Material Number, Description, Unit Weight, Cohesion, Friction Angle
Material #1: Native Subgrade; Unit Weight: 120 pcf; Cohesion: 0 psf; Friction Angle: 32 degrees
Material #2: Existing Liner; Unit Weight: 120 pcf; Cohesion: 0 psf; Friction Angle: 16 degrees
Material #3: Waste ; Unit Weight: 65 pcf; Cohesion: 0 psf; Friction Angle: 32 degrees
Material #4: Cover/Cap/General Fill; Unit Weight: 120 pcf; Cohesion: 0 psf; Friction Angle: 30 degrees
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Settlement Calculations 



Client: UASCE Fort Worth District Fort Bliss Municipal Solid Waste Landfill
Prepared by: ARCADIS U.S., INC. TX ENGINEERING LICENSE No. F-533 El Paso, Texas

Final Cover Design
June 2014
Revision 0

Subject: Landfill Waste Settlement Calculation

0.15 3 ft
0.02 120 pcf
65 pcf

0.25 year

1 15 30 1 15 30 1 15 30

Layer Depth, top
(ft bgs)

Depth, 
Bottom
(ft bgs)

Layer 
Thickness 

(ft)

Initial 
Overburden 
Pressure at 
Midlevel of 

Layer 0

(psf)

Increment of 
Overburden 
Pressure at 
Midlevel of 
Layer 

(psf)

0 + )/0

Primary 
Compression 

(ft)

Cumulative 
Primary 

Compression 
(ft)

Secondary 
Compression 

(ft)

Secondary 
Compression 

(ft)

Secondary 
Compression 

(ft)

Cunulative 
Secondary 

Compression 
(ft)

Cunulative 
Secondary 

Compression 
(ft)

Cunulative 
Secondary 

Compression 
(ft)

Cumulative 
Total 

Settlement
(ft)

Cumulative 
Total 

Settlement
(ft)

Cumulative 
Total 

Settlement
(ft)

1 0 2 2 65 360 6.54 0.24 0.24 0.02 0.07 0.08 0.02 0.07 0.08 0.27 0.32 0.33
2 2 4 2 195 360 2.85 0.14 0.38 0.02 0.07 0.08 0.05 0.14 0.17 0.43 0.52 0.55
3 4 6 2 325 360 2.11 0.10 0.48 0.02 0.07 0.08 0.07 0.21 0.25 0.55 0.69 0.73
4 6 8 2 455 360 1.79 0.08 0.55 0.02 0.07 0.08 0.10 0.28 0.33 0.65 0.84 0.89
5 8 10 2 585 360 1.62 0.06 0.62 0.02 0.07 0.08 0.12 0.36 0.42 0.74 0.97 1.03
6 10 12 2 715 360 1.50 0.05 0.67 0.02 0.07 0.08 0.14 0.43 0.50 0.81 1.10 1.17
7 12 14 2 845 360 1.43 0.05 0.72 0.02 0.07 0.08 0.17 0.50 0.58 0.88 1.21 1.30
8 14 16 2 975 360 1.37 0.04 0.76 0.02 0.07 0.08 0.19 0.57 0.67 0.95 1.33 1.42
9 16 18 2 1105 360 1.33 0.04 0.79 0.02 0.07 0.08 0.22 0.64 0.75 1.01 1.43 1.54
10 18 20 2 1235 360 1.29 0.03 0.83 0.02 0.07 0.08 0.24 0.71 0.83 1.07 1.54 1.66
11 20 22 2 1365 360 1.26 0.03 0.86 0.02 0.07 0.08 0.26 0.78 0.91 1.12 1.64 1.77
12 22 24 2 1495 360 1.24 0.03 0.89 0.02 0.07 0.08 0.29 0.85 1.00 1.17 1.74 1.88
13 24 26 2 1625 360 1.22 0.03 0.91 0.02 0.07 0.08 0.31 0.92 1.08 1.22 1.84 1.99
14 26 28 2 1755 360 1.21 0.02 0.94 0.02 0.07 0.08 0.34 1.00 1.16 1.27 1.93 2.10
15 28 30 2 1885 360 1.19 0.02 0.96 0.02 0.07 0.08 0.36 1.07 1.25 1.32 2.03 2.21
16 30 32 2 2015 360 1.18 0.02 0.98 0.02 0.07 0.08 0.39 1.14 1.33 1.37 2.12 2.31
17 32 34 2 2145 360 1.17 0.02 1.00 0.02 0.07 0.08 0.41 1.21 1.41 1.41 2.21 2.41
18 34 36 2 2275 360 1.16 0.02 1.02 0.02 0.07 0.08 0.43 1.28 1.50 1.45 2.30 2.52
19 36 38 2 2405 360 1.15 0.02 1.04 0.02 0.07 0.08 0.46 1.35 1.58 1.50 2.39 2.62
20 38 40 2 2535 360 1.14 0.02 1.05 0.02 0.07 0.08 0.48 1.42 1.66 1.54 2.48 2.72
21 40 42 2 2665 360 1.14 0.02 1.07 0.02 0.07 0.08 0.51 1.49 1.75 1.58 2.57 2.82
22 42 44 2 2795 360 1.13 0.02 1.09 0.02 0.07 0.08 0.53 1.56 1.83 1.62 2.65 2.92
23 44 46 2 2925 360 1.12 0.02 1.10 0.02 0.07 0.08 0.55 1.64 1.91 1.66 2.74 3.02
24 46 48 2 3055 360 1.12 0.01 1.12 0.02 0.07 0.08 0.58 1.71 2.00 1.69 2.82 3.11
25 48 50 2 3185 360 1.11 0.01 1.13 0.02 0.07 0.08 0.60 1.78 2.08 1.73 2.91 3.21
26 50 52 2 3315 360 1.11 0.01 1.14 0.02 0.07 0.08 0.63 1.85 2.16 1.77 2.99 3.31
27 52 54 2 3445 360 1.10 0.01 1.16 0.02 0.07 0.08 0.65 1.92 2.25 1.81 3.08 3.40
28 54 56 2 3575 360 1.10 0.01 1.17 0.02 0.07 0.08 0.67 1.99 2.33 1.84 3.16 3.50
29 56 58 2 3705 360 1.10 0.01 1.18 0.02 0.07 0.08 0.70 2.06 2.41 1.88 3.24 3.59
30 58 60 2 3835 360 1.09 0.01 1.19 0.02 0.07 0.08 0.72 2.13 2.50 1.92 3.33 3.69

ft bgs = feet below ground surface
pcf = pound per cubic foot
psf = pound per square foot

Density 
Waste

Time after cover completion (year) Time after cover completion (year) Time after cover completion (year)

Cover Density 
Lower Bound

Primary Compression Index cc 

Secondary Compression Index c

Primary Compression Completion

Cover Thickness 

6/20/2014
Cap Settlement.xlsx
LowerBound DRAFT PRELIMINARY Sheet 1 of 1



Client: UASCE Fort Worth District Fort Bliss Municipal Solid Waste Landfill
Prepared by: ARCADIS U.S., INC. TX ENGINEERING LICENSE No. F-533 El Paso, Texas

Final Cover Design
June 2014
Revision 0

Subject: Landfill Waste Settlement Calculation

0.25 3 ft
0.07 120 pcf
65 pcf

0.25 year

1 15 30 1 15 30 1 15 30

Layer Depth, top
(ft bgs)

Depth, 
Bottom
(ft bgs)

Layer 
Thickness 

(ft)

Initial 
Overburden 
Pressure at 
Midlevel of 

Layer 0

(psf)

Increment of 
Overburden 
Pressure at 
Midlevel of 
Layer 

(psf)

0 + )/0

Primary 
Compression 

(ft)

Cumulative 
Primary 

Compression 
(ft)

Secondary 
Compression 

(ft)

Secondary 
Compression 

(ft)

Secondary 
Compression 

(ft)

Cunulative 
Secondary 

Compression 
(ft)

Cunulative 
Secondary 

Compression 
(ft)

Cunulative 
Secondary 

Compression 
(ft)

Cumulative 
Total 

Settlement
(ft)

Cumulative 
Total 

Settlement
(ft)

Cumulative 
Total 

Settlement
(ft)

1 0 2 2 65 360 6.54 0.41 0.41 0.08 0.25 0.29 0.08 0.25 0.29 0.49 0.66 0.70
2 2 4 2 195 360 2.85 0.23 0.63 0.08 0.25 0.29 0.17 0.50 0.58 0.80 1.13 1.22
3 4 6 2 325 360 2.11 0.16 0.80 0.08 0.25 0.29 0.25 0.75 0.87 1.05 1.54 1.67
4 6 8 2 455 360 1.79 0.13 0.92 0.08 0.25 0.29 0.34 1.00 1.16 1.26 1.92 2.09
5 8 10 2 585 360 1.62 0.10 1.03 0.08 0.25 0.29 0.42 1.24 1.46 1.45 2.27 2.48
6 10 12 2 715 360 1.50 0.09 1.12 0.08 0.25 0.29 0.51 1.49 1.75 1.62 2.61 2.86
7 12 14 2 845 360 1.43 0.08 1.19 0.08 0.25 0.29 0.59 1.74 2.04 1.78 2.94 3.23
8 14 16 2 975 360 1.37 0.07 1.26 0.08 0.25 0.29 0.67 1.99 2.33 1.94 3.25 3.59
9 16 18 2 1105 360 1.33 0.06 1.32 0.08 0.25 0.29 0.76 2.24 2.62 2.08 3.56 3.94
10 18 20 2 1235 360 1.29 0.06 1.38 0.08 0.25 0.29 0.84 2.49 2.91 2.22 3.87 4.29
11 20 22 2 1365 360 1.26 0.05 1.43 0.08 0.25 0.29 0.93 2.74 3.20 2.36 4.17 4.63
12 22 24 2 1495 360 1.24 0.05 1.48 0.08 0.25 0.29 1.01 2.99 3.49 2.49 4.46 4.97
13 24 26 2 1625 360 1.22 0.04 1.52 0.08 0.25 0.29 1.10 3.24 3.78 2.62 4.76 5.30
14 26 28 2 1755 360 1.21 0.04 1.56 0.08 0.25 0.29 1.18 3.49 4.08 2.74 5.04 5.63
15 28 30 2 1885 360 1.19 0.04 1.60 0.08 0.25 0.29 1.26 3.73 4.37 2.86 5.33 5.96
16 30 32 2 2015 360 1.18 0.04 1.63 0.08 0.25 0.29 1.35 3.98 4.66 2.98 5.62 6.29
17 32 34 2 2145 360 1.17 0.03 1.67 0.08 0.25 0.29 1.43 4.23 4.95 3.10 5.90 6.62
18 34 36 2 2275 360 1.16 0.03 1.70 0.08 0.25 0.29 1.52 4.48 5.24 3.22 6.18 6.94
19 36 38 2 2405 360 1.15 0.03 1.73 0.08 0.25 0.29 1.60 4.73 5.53 3.33 6.46 7.26
20 38 40 2 2535 360 1.14 0.03 1.76 0.08 0.25 0.29 1.69 4.98 5.82 3.44 6.74 7.58
21 40 42 2 2665 360 1.14 0.03 1.79 0.08 0.25 0.29 1.77 5.23 6.11 3.56 7.01 7.90
22 42 44 2 2795 360 1.13 0.03 1.81 0.08 0.25 0.29 1.85 5.48 6.40 3.67 7.29 8.22
23 44 46 2 2925 360 1.12 0.03 1.84 0.08 0.25 0.29 1.94 5.73 6.69 3.78 7.56 8.53
24 46 48 2 3055 360 1.12 0.02 1.86 0.08 0.25 0.29 2.02 5.97 6.99 3.88 7.84 8.85
25 48 50 2 3185 360 1.11 0.02 1.88 0.08 0.25 0.29 2.11 6.22 7.28 3.99 8.11 9.16
26 50 52 2 3315 360 1.11 0.02 1.91 0.08 0.25 0.29 2.19 6.47 7.57 4.10 8.38 9.48
27 52 54 2 3445 360 1.10 0.02 1.93 0.08 0.25 0.29 2.28 6.72 7.86 4.20 8.65 9.79
28 54 56 2 3575 360 1.10 0.02 1.95 0.08 0.25 0.29 2.36 6.97 8.15 4.31 8.92 10.10
29 56 58 2 3705 360 1.10 0.02 1.97 0.08 0.25 0.29 2.44 7.22 8.44 4.41 9.19 10.41
30 58 60 2 3835 360 1.09 0.02 1.99 0.08 0.25 0.29 2.53 7.47 8.73 4.52 9.46 10.72

ft bgs = feet below ground surface
pcf = pound per cubic foot
psf = pound per square foot

Time after cover completion (year) Time after cover completion (year) Time after cover completion (year)

Waste
Upper Bound

Cover Density 
Density 

Cover Thickness Primary Compression Index cc 

Secondary Compression Index c

Primary Compression Completion
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Client: UASCE Fort Worth District Fort Bliss Municipal Solid Waste Landfill
Prepared by: ARCADIS U.S., INC. TX ENGINEERING LICENSE No. F-533 El Paso, Texas

Final Cover Design
June 2014
Revision 0

Subject: Settlement Calculation due to PV load

0.20 0.01 Width 6 ft
65 pcf 120 pcf Load 210 psf

Layer Depth, top
(ft bgs)

Depth, 
Bottom
(ft bgs)

Layer 
Thickness 

(ft)
Material Density

(pcf)

Initial 
Overburden 
Pressure at 
Midlevel of 

Layer 0

(psf)

Depth/Width Interpolation
location

Stress 
Ratio

Increment of 
Overburden 
Pressure at 
Midlevel of 
Layer 

(psf)

0 + )/0

Primary 
Compression 

(inch)

Cumulative 
Primary 

Compression 
(inch)

1 0 2 2 Cover 120 120.00 0.17 1 0.92 193.2 2.61 0.10 0.10
2 2 4 2 Cover 120 360.00 0.50 1 0.76 159.6 1.44 0.04 0.14
3 4 6 2 Waste 65 545.00 0.83 1 0.60 126.0 1.23 0.43 0.57
4 6 8 2 Waste 65 675.00 1.17 2 0.49 101.9 1.15 0.29 0.86
5 8 10 2 Waste 65 805.00 1.50 2 0.42 87.2 1.11 0.21 1.08
6 10 12 2 Waste 65 935.00 1.83 2 0.35 72.5 1.08 0.16 1.23
7 12 14 2 Waste 65 1065.00 2.17 3 0.29 61.3 1.06 0.12 1.35
8 14 16 2 Waste 65 1195.00 2.50 3 0.26 53.6 1.04 0.09 1.44
9 16 18 2 Waste 65 1325.00 2.83 3 0.22 45.9 1.03 0.07 1.51

10 18 20 2 Waste 65 1455.00 3.17 4 0.19 40.6 1.03 0.06 1.57
11 20 22 2 Waste 65 1585.00 3.50 4 0.18 37.8 1.02 0.05 1.62
12 22 24 2 Waste 65 1715.00 3.83 4 0.17 35.0 1.02 0.04 1.66
13 24 26 2 Waste 65 1845.00 4.17 5 0.16 32.6 1.02 0.04 1.70
14 26 28 2 Waste 65 1975.00 4.50 5 0.15 30.5 1.02 0.03 1.73
15 28 30 2 Waste 65 2105.00 4.83 5 0.14 28.4 1.01 0.03 1.76
16 30 32 2 Waste 65 2235.00 5.17 6 0.13 26.6 1.01 0.02 1.78
17 32 34 2 Waste 65 2365.00 5.50 6 0.12 25.2 1.01 0.02 1.81
18 34 36 2 Waste 65 2495.00 5.83 6 0.11 23.8 1.01 0.02 1.82
19 36 38 2 Waste 65 2625.00 6.17 7 0.11 22.4 1.01 0.02 1.84
20 38 40 2 Waste 65 2755.00 6.50 7 0.10 21.0 1.01 0.02 1.86
21 40 42 2 Waste 65 2885.00 6.83 7 0.09 19.6 1.01 0.01 1.87
22 42 44 2 Waste 65 3015.00 7.17 8 0.09 18.6 1.01 0.01 1.89
23 44 46 2 Waste 65 3145.00 7.50 8 0.09 17.9 1.01 0.01 1.90
24 46 48 2 Waste 65 3275.00 7.83 8 0.08 17.2 1.01 0.01 1.91
25 48 50 2 Waste 65 3405.00 8.17 9 0.08 16.5 1.00 0.01 1.92
26 50 52 2 Waste 65 3535.00 8.50 9 0.08 15.8 1.00 0.01 1.93
27 52 54 2 Waste 65 3665.00 8.83 9 0.07 15.1 1.00 0.01 1.94
28 54 56 2 Waste 65 3795.00 9.17 10 0.07 14.4 1.00 0.01 1.94
29 56 58 2 Waste 65 3925.00 9.50 10 0.07 13.7 1.00 0.01 1.95
30 58 60 2 Waste 65 4055.00 9.83 10 0.06 13.0 1.00 0.01 1.96

ft bgs = feet below ground surface Depth/Width 0 1 2 3 4 5 6 7 8 9 10
pcf = pound per cubic foot Stress Ratio 1 0.52 0.31 0.2 0.16 0.13 0.11 0.09 0.08 0.07 0.06
psf = pound per square foot

Boussinesq Infinite Long Footing

Waste Cover
Density 
Primary Compression Index cc Primary Compression Index cc 

Density 
PV Ballast
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1. Introduction 

The Fort Bliss Municipal Solid Waste Landfill (MSWLF) includes active Subtitle D Type 
I and Type IV (C&D) landfill cells that are currently in use to serve the United States 
Army Fort Bliss area. Permitted types of solid wastes disposed of at the Fort Bliss 
MSWLF are non-hazardous solid waste from military operations, bulky items, grass and 
tree trimmings, refuse from litter cans, construction debris, classified waste (dry), dead 
animals, Regulated Asbestos Containing Material (RACM), and empty oil cans (1-quart 
and 5-gallon sizes). The MSWLF does not receive hazardous waste nor does it recover 
incoming waste. 

The landfill area is comprised of five distinct areas:  

§ 1970’s-era inactive cells that cover approximately 80-acres that are considered 
closed. 

§ An approximately 3-acre Type I cell with final cover in place (non-Subtitle D) that 
complies with the 1995 closure plan and TCEQ requirements. 

§ An approximately 10.5-acre Type I active cell meeting Subtitle D requirements 
(Subtitle D Cell). 

§ An approximately 5-acre Type IV construction and demolition (C&D) debris active 
cell. 

§ Approximately 3.2 acres designated for landfill roads, access areas, guard shack/scale 
house, etc. 

This Facility Surface Water Drainage Report has been completed to meet the 
requirements of Title 30 of the Texas Administrative Code (TAC) Chapter 330.63(c) (30 
TAC §330.63(c)) as part of the final closure and permit modification application for an 
alternative cover design and grading plan. This report illustrates that the proposed 
modification does not adversely alter the existing (permitted) drainage patterns and that 
these drainage patterns can be retained for the modification. 

This report also serves as the surface water drainage report required by 30 TAC § 
Subchapter G. The facility design complies with the requirements of 30 TAC § 330.303 
relating to management of run-on and runoff. The surface water drainage analysis for the 
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Fort Bliss MSWLF is presented in Section 2. An Erosion and Sediment Control Plan is 
included in Section 3. Section 4 presents the maintenance and inspection requirements. 

1.1. General Geology and Soils 

The Fort Bliss MSWLF is underlain by Hueco Bolson deposits of tertiary age and 
typically are composed of unconsolidated to slightly consolidated interbedded sands, 
clay, silt, gravel, and caliche. Individual beds are not well defined and range in thickness 
from a fraction of an inch to about 100 feet. The general geology and soils details for the 
MSWLF site are provided in Attachment 6 of this report. 

1.2. General Climate and Weather 

The MSWLF is located in west Texas where desert conditions exist; therefore, surface 
water flow near the MSWLF is limited. Maximum daytime summer temperatures range 
between 90 and 105 degrees Fahrenheit (°F) and winter temperatures range from 55 to 
60°F. The surrounding area receives less than 10 inches of rain per year and relative 
humidity is very low. Depending upon the intensity and duration of each precipitation 
event, the water delivered by the occurrence may infiltrate into the soil or become surface 
runoff. The infiltrated water may percolate downward to the water table or return to the 
atmosphere via evapotranspiration. 

1.3. Surface Water Bodies 

No surface water bodies exist at or near the MSWLF. Given a large rain event, surface 
water runoff may flow downstream to the storm water retention basin located 
approximately 2 miles south of the landfill, north of Fred Wilson Boulevard. Structural 
control measures to reduce sediment are described in the 2005 Storm Water Pollution 
Prevention Plan (Attachment 5). Further discussion on the surface water drainage and 
erosion and sedimentation controls are given in Sections 2 and 3, respectively. 
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2. Facility Surface Water Drainage Analysis 

The final grading/drainage plan for the approximately 110 acre landfill was modified to 
incorporate an optimized ET cover to further economize the closure effort and costs. This 
optimized ET cover will reduce the cover thickness and soil characteristics of the cover 
system to allow for the utilization of soil borrow from sources located within the Fort. 
The grading was further altered to minimize the excavation and relocation of waste as 
well as to provide uniform slopes that maximized a southern orientation (to the extent 
practical) for the future PV development. However, the drainage concept remains 
consistent with the previously approved site plans and consists of mostly overland and 
shallow concentrated flows leading off the landfill side slopes. Diversion swales provide 
flow paths for internal watersheds to the perimeter swales. Surface water runoff collected 
by these diversion swales discharge either directly or via downchutes into the perimeter 
swales. In general, surrounding flow patterns drain towards the northwest, southwest and 
southeast corners of the landfill. Three sets of culverts convey runoff from the perimeter 
swales to these historic discharge locations as shown on Drawing D-1 in Attachment 1. 
The surrounding drainage patterns will not be adversely altered as a result of this 
alternative cover design and grading plan. 

A hydrologic and hydraulic analysis was conducted on the final grading plan, shown on 
Sheets C-2 and C-3 in Appendix B (Design Drawings) of the permit modification. The 
analysis incorporates the proposed alternative cover design and grading modifications to 
estimate the peak discharge and run-off volumes associated with the 25-year, 24-hour 
design storm event as required in 30 TAC §330.305(c). The runoff volumes and peak 
discharges show that the drainage is not adversely affected and that the designated storm 
water control features (i.e. diversion swales, downchutes, perimeter swales, and culverts) 
are adequate. 

Drawing D-1 in Attachment 1 of this report provides the drainage areas, cross-sectional 
areas, and grades used in the analysis. 

The TCEQ Guidelines for Preparing a Surface Water Drainage Report for a Municipal 
Solid Waste Facility (RG-417) and the Rational Method described in Chapter 5, Section 6 
of the Texas Department of Transportation’s Hydraulic Design Manual (TxDOT 2004) 
was used to calculate the peak discharge flows. Use of USDA Natural Resources 
Conservation Service (NRCC) Technical Release 55 (TR-55) method has been approved 
by the Texas Commission on Environmental Quality (TCEQ) Executive Director for the 
calculation of the runoff volumes. The values for runoff volume, peak discharge, and 
flow velocity calculated in this analysis are used to design the erosion and sediment 
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controls and to confirm that the existing drainage patterns for the landfill will not be 
adversely affected because of these modifications. 

 

2.1. Runoff Volume 

The volume of runoff from the landfill cover is dependent on the anticipated amount of 
precipitation and potential abstractions (principally infiltration) which depend on the soil 
type, vegetative cover, and the hydraulic conditions of the soil and proposed cover 
material. 

The runoff volume from the landfill is calculated in accordance with 30 TAC 
§330.63(c)(1)(C) and §330.305(a) using the Curve Number (CN) Method, also known as 
the Soil Conservation Service (SCS Runoff Curve Number Method) method TR-55: 

( )
( )SP

SPQ
8.0

2.0 2

+
-

=  

 
Where: Q = runoff (inches over the watershed area) 

 P = precipitation for the 25-year/24-hour storm event (inches) 

S = 1000/CN – 10 = potential maximum retention after runoff begins (inches) 

 CN = SCS curve number (Table 2-2, Chapter 2, TR-55) 

The following assumptions were used to obtain the values above: 

P = 3.5 inches (NOAA National Weather Service, Technical Paper 40, 1961) 

CN = 82 (weighted average: 106.3 acres of CN 81 from Table 2.2d, fair herbaceous cover 
Hydrologic Soil Type C and 3.2 acres of CN 85 from Table 2.2a, Gravel access roads 
Hydrologic Soil Type B) 

Therefore, the total runoff volume for the landfill during a 25-year, 24-hour storm event 
is: 

S = 1000/82 – 10 = 2.2 

Q = (3.5 – 0.2*2.2)2 / (3.5 + 0.8*2.2) = 1.78 inches 

Runoff Volume = Q*A = 1.78 inches (109.5 acres)/12 = 16.2 acre-feet (ac-ft). 
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A copy of Worksheet 2 from TR-55 is provided as Attachment 1 of this report. 

Table 2-1 
Summary of Runoff Volumes 

Precipitation 
(P) 

Runoff 
(Q) 

Total Runoff Volume 
(V) 

3.5 inches (25-year, 24-hour) 1.78 inches 16.2 ac-ft 

 

The landfill was divided into 19 separate drainage (watershed) areas based on the final 
grading plan as shown on Sheets C-2 and C-3 of Appendix B (Design Drawings) of the 
permit modification application. The following table summarizes the runoff volume for 
each watershed. 

Table 2-2 
Runoff Volumes by Watershed 

Watershed No. Area 
(acres) 

Runoff Volume 
(ac-ft) 

1 4.4 0.6 
2 12.5 1.9 
3 2.0 0.3 
4 0.9 0.1 
5 1.1 0.2 
6 2.3 0.3 
7 2.1 0.3 
8 0.8 0.1 
9 1.9 0.3 
10 1.3 0.2 
11 0.5 0.1 
12 14.3 2.1 
13 6.8 1.0 
14 4.4 0.7 
15 4.4 0.7 
16 7.9 1.2 
17 17.8 2.6 
18 19.9 3.0 
19 4.2 0.5 
Total: 109.5 16.2 

 
2.2. Peak Discharges 

The peak discharge at any storm water control outlet or overland flow from a watershed 
area is dependent on the time of concentration of that watershed area or drainage swale 
outfall. The following paragraphs described the rational method and assumptions used to 
calculate the peak discharge flows for each of the 19 watershed areas shown on Drawing 
D-1 in Attachment 1 of this report. 

 



 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Appendix L – Final Facility Surface Water Drainage Report – Fort Bliss 
Municipal Solid Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
2-4 

 

2.2.1. Time of Concentration 

The time of concentration (Tc) is the time required for a drop of water to travel from the 
most hydrological remote point in the watershed to the point of collection. 

The time of concentration was calculated according to the procedures specified in TR-55 
for each watershed area. 

The steps for determining the time of concentration are summarized below: 

1. The landfill was divided into 19 separate watershed areas based on the final grading 
plan as shown on Drawing D-1 in Attachment 1. 

2. The area of each watershed was determined as summarized in Table 2-2. 

3. The sheet flow, shallow concentrated flow, and channel flow lengths and slopes were 
determined for each watershed area using the grades shown on Drawing D-1 in 
Attachment 1 of this report. 

4. The travel time (Tt) for the separate types of flow in each watershed area were 
calculated (Worksheet 3, Chapter 3, TR-55) using the following equations and then 
added together to compute the total Tc for the watershed area: 

 Tc = Sheet Flow Tt + Shallow Concentrated Flow Tt + Channel Flow Tt 

a. Sheet flow travel time was calculated with a maximum flow length of 300-feet 
using Overton and Meadow’s equation: Tt = 0.007 (nL)0.8 / (P2)0.5 (S)0.4 
(the value for “bare soil”, 0.011, was used for the roughness coefficient n). 

b. Shallow concentrated flow travel time was calculated using the equation Tt = 
L/3600*V where the average flow velocity (V) was obtained from Figure 3.1 
in Chapter 3 of TR-55 for unpaved surface at the specified watercourse slope. 

c. Channel flow travel time was also calculated using Tt = L/3600*V where the 
average flow velocity was calculated by the Manning’s equation:  

V =1.49*(r 2/3) (s ½) / n. (0.022 was used for Manning’s roughness coefficient for 
the grass swale, n). The following iteration was followed to determine the final Tt: 

1. Depth of flow, “y”, is assumed. 

2. Cross-section area, wetted perimeter, and hydraulic radius are 
calculated. 
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3. Tt is determined and the peak discharge is computed with TR-55. 

4. The peak discharge is used in the Manning’s equation to determine the 
depth of flow, “y”. 

5. The computed depth of flow is compared with the assumed value. The 
assumed value is adjusted and the calculation reiterated until the 
calculated and assumed values are close in value. 

2.2.2. Rational Method 

The procedure for calculating the Rational Method described in Chapter 5, Section 6 of 
the Texas Department of Transportation’s Hydraulic Design Manual (TxDOT 2004) was 
used to calculate the maximum rate of runoff. The Rational Method estimates the peak 
rate of runoff at any location in a watershed as a function of the drainage area, runoff 
coefficient, and mean rainfall intensity of duration equal to the time of concentration. The 
rational formula is expressed as: 

Q = CCfIA 

Where: Q = Maximum rate of runoff (cfs) 

C = Runoff coefficient (0.38 based on poor vegetative cover and relatively flat 
land) 

Cf = Runoff Coefficient Adjustments (1.1 for the 25-year storm) 

I = Average rainfall intensity (in/hr) for the 25-year/24 hr and the time of 
concentration for each area as described in Section 2.2.1 above. 

A = Drainage area (acres) 

 
Because all of the watersheds are small and the fact that they had times of concentration 
less than 10.25 minutes (minimum time of concentration of 10 minutes recommended by 
2004 TxDOT Hydraulic Manual), the rainfall intensity for the 25-year storm for all 
watersheds was 4.4 inches/hour. The runoff coefficient was calculated as a factor of the 
relief, soil infiltration characteristics, vegetative cover, and surface type in accordance 
with the Hydraulic Design Manual (TxDOT 2004). A runoff coefficient factor of 1.1 was 
used to adjust the runoff coefficient since these calculations are for the 25-year storm 
event. A sample calculation and the results of the peak discharge calculations for the 19 
watersheds are provided in Attachment 1 and Table 2-3, respectively. 
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Table 2-3 
Peak Discharges 

Watershed 
No. 

Area 
(acres) 

Time of Concentration 
(hours) 

Peak Discharge 
(cfs) 

1 4.4 0.14 8.1 

2 12.5 0.11 23.0 

3 2.0 0.03 3.6 

4 0.9 0.03 1.6 

5 1.1 0.01 1.9 

6 2.3 0.09 4.2 

7 2.1 0.11 3.9 

8 0.8 0.08 1.5 

9 1.9 0.16 3.5 

10 1.3 0.04 2.4 

11 0.5 0.03 1.0 

12 14.3 0.17 26.2 

13 6.8 0.04 12.5 

14 4.4 0.07 8.0 

15 4.4 0.07 8.2 

16 7.9 0.10 14.5 

17 17.8 0.07 32.7 

18 19.9 0.14 36.6 

19 4.2 0.06 7.8 

 

2.3. Peak Runoff Velocity Calculations 

The general surface hydrology and stormwater runoff for the final cover grades are 
shown on Drawing D-1 in Attachment 1 of this report. Storm water from watersheds 1, 
2, 3, 10, 12, 13, 16, 17, and 18 drain straight to the perimeter drainage swales, whereas 
watersheds 4 through 9, 11, 14, 15, and 19 drain to erosion control lined diversion 
swales and then out to the existing perimeter drainage swales. Downchutes are used to 
convey runoff down steep embankments. Culverts collect runoff from the perimeter 
drainage swales and discharge to the natural surrounding flow patterns that generally 
flow towards the southeast, southwest, and northwest corners of the landfill. 
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The flow velocities and the flow depths for the diversion swales, perimeter swales, and 
downchutes are summarized below in Tables 2-4 through 2-6. The typical diversion 
swale is V-shaped, 1 to 2 feet deep with approximately 10 (H): 1 (V) side slopes on one 
side and 2 (H): 1 (V) side slopes on opposite side. The typical perimeter swale is 
trapezoidal, 1 to 2 feet deep with 4 (H): 1 (V) side slopes and a bottom width that 
ranges from 13 feet to 30 feet. The typical downchute is trapezoidal in shape, 1 to 2 feet 
deep with 1 (H): 1 (V) side slopes. Details shown on Sheet C-7 in Appendix B 
(Design Drawings) of the permit modification were used for the hydraulic analysis of 
the landfill drainage structures. A sample calculation of the methodology used for 
determining the velocities and flow depths is provided in Attachment 1. 
As demonstrated in Tables 2-4 through 2-6, flow depths of each conveyance structure 
are less than or equal to 1 foot, therefore all drainage structures provide sufficient 
capacity to convey peak flow from the 25-year, 24-hour storm event. Erosion control 
measures for velocities greater than the permissible velocity of the soil are discussed in 
Section 3.0 of this report. 

Table 2-4 
Velocities and Depths of Flow in Diversion Swales 

Diversion 
Swale 

Watershed Associated 
with Swale 

Peak Discharge 
(cfs) 

Flow Depth 
(ft) 

Velocity 
(ft/s) 

DS-1A 4 1.6 0.3 3.7 

DS-1B 5 1.9 0.3 3.1 

DS-1C 6 4.2 0.4 3.5 

DS-1D 7 3.9 0.4 3.3 

DS-1E 8 1.5 0.3 2.9 

DS-2A 19 7.8 0.6 4.4 

DS-3A 11 1.0 0.2 3.3 

DS-4C/4D 14, 15, & 17 48.9 0.9 5.8 

DS-SDA 14 8.0 0.7 2.6 

DS-SDB 15 8.2 0.7 2.8 

 

The potential need and sizing of diversion swales DS-3B, DS-4A, and DS-4B will be 
evaluated further during final design. Diversion swale DS-1F will convey a minor 
amount of flow and is intended to funnel any remaining runoff that is not directly 
captured by downchute DC-3. Therefore, analysis of theses drainage structures is not 
included in Table 2-4. 
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Table 2-5 
Velocities and Depths of Flow in Perimeter Swales 

Perimeter Swale Watershed Associated 
with Swale 

Peak Discharge 
(cfs) 

Flow Depth 
(ft) 

Velocity 
(ft/s) 

PS-1A 3 thru 5, 10 & 19 17.3 0.4 2.3 

PS-1B 10 2.4 0.2 1.0 

PS-2A/2B/2C/2D 1, 6 thru 9 21.3 0.2 1.3 

PS-3A 2 23.0 1.0 1.7 

PS-4A 16 & 18 51.1 0.5 1.7 

PS-4B 16 14.5 0.2 2.1 

PS-5A 11 thru 15 & 17 88.6 0.6 2.9 

PS-5B 11 thru 13 39.7 0.5 1.8 

PS-5C/5D/5E/5F 11 & 12 27.2 0.4 2.4 

 
Table 2-6 

Velocities and Depths of Flow in Downchutes 

Downchute Watershed Associated 
with Downchute 

Peak Discharge 
(cfs) 

Flow Depth 
(ft) 

Velocity 
(ft/s) 

DC-1 4 & 5 3.5 0.1 4.0 

DC-2 6 & 7 8.1 0.1 5.5 

DC-3 8 & 9 5.0 0.1 4.5 

DC-4 14 & 15 16.2 0.2 7.2 

 
2.4. Culver Capacity Calculations 

Storm water from the perimeter drainage swales drain to four sets of culverts.  Three 
sets of culverts discharge to the natural surrounding flow patterns at the southeast, 
southwest, and northwest corners of the landfill. The fourth culvert conveys flow south 
across the access point on the west side of the landfill. 

The headwater/depth ratio and outlet velocity are summarized below in Table 2-7. 
Culverts 1 through 3 will consist of 24-inch CMP barrels and Culvert 4 will have 36-
inch barrels. Culverts were sized using nomographs from the Federal Highway 
Administration HEC-5 manual. These nomographs are provided in Attachment 1. 
Culverts were sized to provide sufficient capacity to convey peak flow from the 25-
year, 24-hour storm event without overtopping. A gabion mattress will be used for 
erosion control on the outlet side of each culvert. As discussed in Section 3.2.2 below, 
the permissible velocity for gabions mattresses is 18 ft/sec.  

  



 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Appendix L – Final Facility Surface Water Drainage Report – Fort Bliss 
Municipal Solid Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
2-9 

 

Table 2-7 
Velocities and HW/D Ratios of Flow in Culverts 

Culvert Watershed Associated 
with Culvert Culvert Size Peak Discharge 

(cfs) 
HW/D 
Ratio 

Outlet Velocity 
(ft/s) 

C-1 3 thru 5, 10 & 19 One Barrel, 24” CMP 17.3 1.5 5.5 

C-2A 1, 6 thru 9 Two Barrel, 
24” CMPs 21.3 1.5 3.4 

C-2 1, 2, 6 thru 9 Three Barrel, 
24” CMPs 48.4 1.5 5.1 

C-3 11 thru 18 Three Barrel, 
36” CMPs 139.7 1.3 6.6 

 

2.5. Summary of Drainage Analysis 

Table 2-8 summarizes the results from the pre-developed (permitted facility conditions 
per the approved 1995 Closure Plan) and post-developed conditions (final closure with 
optimized ET cover design and grading plan) to demonstrate that the proposed 
modification does not adversely affect the drainage patterns. The comparison illustrates 
that the range of peak flow and normal depth of flow decrease compared to pre-
developed conditions. This is due to the smaller watersheds created by the modified 
grading plan. However, the maximum velocities increase over the pre-development 
condition. This is due to the use of internal downchutes off two of the landfill cells. These 
downshutes will be protected from scour with the use of gabion mattresses as described 
in Section 3.2.2 below and will discharge to shallow swales before the stormwater is 
discharged off-site. The drainage patterns were not altered significantly so as to change 
the previously permitted drainage conditions of the site. 

Table 2-8 
Comparison of Peak Discharges, Flow Depths, and Flow Velocities in Swales 

Condition and Analysis Range of Peak 
Discharge (cfs) 

Range of Normal 
Depth of Flow, y (ft) 

Range of Flow 
Velocities (ft/s) 

Pre-Development  
(2005 Permitted) 10.9 – 73.6 0.7 – 1.1 1.9 – 3.9 

Post-Development 
(Optimized ET Cover and Grading) 1.0 – 36.6 0.1 – 0.7 1.1 – 7.2 
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3. Erosion and Sediment Control Plan 
 

This plan describes the design and operation considerations for erosion and sediment 
control measures specified and best management practices (BMPs) of the landfill 
facility in order to minimize erosion and provide effective erosional stability to top 
dome surfaces and external embankment side slopes during all phases of landfill 
operations in accordance with 30 TAC §330.305(d). 

The plan lays out the erosion and sediment control measures for the three conditions of 
the Fort Bliss MSWLF: the active Subtitle D disposal areas, intermediate cover areas, 
and final cover areas. The installation of the proposed erosion and sediment control 
measures will be on-going and include both temporary and permanent controls 
throughout the remaining duration of the landfill operation until closure is completed 
when all permanent controls are finally installed. 

Landfill cover phases are defined as daily cover, intermediate cover, and final cover. 
The topography of the landfill changes over time as the landfill is operating and 
reaching closure grades. In order to comply with 30 TAC §330.305(d), top dome 
surfaces and external embankment side slopes are defined as areas of above graded 
slopes that drain to the perimeter swales, areas that have received intermediate or final 
cover, and areas that have received their permitted elevation and will remain inactive 
for longer than 180 days. Slopes that drain to cells where waste is being placed are not 
considered external embankment side slopes. 

Based on the above definitions, all areas of the Fort Bliss MSWLF will require erosion 
and sediment controls per 30 TAC §330.305(d) with the exception of active internal 
slopes within Subtitle D cell where waste and daily cover are being placed. 

3.1. General Erosion and Soil Loss Assessment 

Areas of the site most prone to erosion and soil loss are areas of soil disturbance for the 
landfill operations, areas with steep slopes for intermediate and final covers, and 
intermediate or permanent drainage swales that control storm water discharges leaving 
the site. Therefore, the erosion and sediment control plan focuses on these sensitive 
areas and incorporates structural and non-structural controls to guard against soil loss 
from the site. 
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During a rain event, stormwater falls on the top dome and embankment side slopes of 
the landfill where erosion is more susceptible. In areas of steeper slopes and 
embankment side slopes, structural BMPs such as temporary soil berms and diversion 
swales are proposed to control the runoff and minimize erosion. The following sections, 
accompanied by the Permit Modification Drawings in Appendix B (Design Drawings) 
describe the design for structural erosion control measures proposed to avoid erosion 
and off-site discharge of sediments during the phases of landfill operation through final 
closure. Maintenance and inspections are addressed in Section 3.4 of this report. 

3.2. Interim Construction Stages 

This sub-section describes temporary and intermediate erosion control measures that 
will be used during the landfill interim construction stages to minimize erosion of top 
dome surfaces and external embankment side slopes as required by 30 TAC 
§330.305(e)(2). The erosion control measures were selected and designed based on 
velocity and soil erosion analyses. The temporary erosion control measures shall remain 
in place until the final cover installation is completed and all permanent erosion control 
measures have been installed. 

3.2.1. Description of Phase Development 

Interim construction phases include filling of waste, daily cover grading, and placement 
of intermediate soil cover in the Subtitle D. The phased development for landfill cell 
construction and solid waste placement will be followed as specified in the typical fill 
operation cross section detail on Sheet C-6 in Appendix B (Design Drawings) of the 
permit modification. This sequencing will ensure adequate slope stability and limited 
erosion and soil loss during cell construction and installation of the intermediate and 
final cover systems. 

During filling operations through installation of the final cover, the top dome of the 
daily and intermediate cover for Subtitle D shall be sloped at 2% to 5% and the external 
embankment side slopes will be 4(H):1(V). Stormwater shall be controlled with 
temporary soil berms, and diversion swales to avoid erosion of the embankment side 
slopes and maintain flow velocities at or below the permissible non-erodible velocity. 

The temporary soil berms will be used on-cap to divert runoff to the diversion swales, 
located around the perimeter of Subtitle D cell, as shown on Drawing D-1 in 
Attachment 1 of this report. The typical temporary soil berm design will be 2-foot high 
as measured from the invert of the channel to the top of berm, with the invert sloped at 
0.5% minimum and 10% maximum in the direction of flow towards the diversion 
swales. The slopes of the soil berms will be stabilized with mulch or equal (see Section 
3.2.3 below). 
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Two diversion swales will run around the perimeter of the Subtitle D cell cap to convey 
runoff from temporary soil berms as shown on Drawing D-1. The recommended 
minimum dimensions of the discharge swales are V-shaped, 1 to 2 feet deep with 10 
(H): 1 (V) side slopes on one side and 2 (H): 1 (V) side slopes on opposite side. 
Stabilization of the swales shall be established using a Rolled Erosion Control Product 
(RECP) or recycled concrete rip-rap (free of metal or rebar) to be selected in final 
design. A specification of the RECPs is included in Attachment 4. 

The drainage swales will convey runoff to the on-cap downchute. Runoff from this 
downchute will eventually be conveyed off-site via perimeter swales and culverts. 
Hydraulic analysis of the diversion swales, downchutes, perimeter swales, and culverts 
are included in Attachment 1. 

3.2.2. Erosion and Sediment Controls Design 

The erosion and sedimentation controls described above were designed based on the 
following criteria outlined in 30 TAC §330.305(d), to ensure the stability of top dome 
surface and external embankment side slopes: 

The estimated peak runoff velocity should be less than the permissible non-erodible 
velocities under similar conditions. Typical permissible non-erodible flow velocities 
assumed for the design are: 

- Silty-Sandy Loam is 3 ft/sec 

- Recycled Concrete Rip-Rap (D50 > 9”) is 9 ft/sec 

- Rolled Erosion Control Product (unvegetated) is 12 ft/sec 

- 12” Thick Gabion Mattress is 18 ft/sec 

The potential soil erosion loss should not exceed the permissible soil loss for comparable 
soil slope lengths and soil-cover conditions. The soil erosion loss of 50 tons/acre/year is 
selected as the permissible soil erosion loss for interim erosion and sediment controls as 
recommended in the Guidance for Address Erosional Stability During All Phases of 
Landfill Operation, 30 TAC §330.63(c), §330.305(c), (d) and (e), 02/14/07. 

Peak Runoff Velocities Calculations 

To calculate the flow velocity being conveyed along the temporary soil berm and out the 
swales and downchute as described above and shown on Drawing D-1 in Attachment 1 of 
this report, the interim peak discharge from watershed 14 was used. The flow velocity 
along the temporary soil berm is 2.5 ft/sec on the top dome and the flow velocity through 
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the permanent swale along the top dome is 2.6 ft/sec. Thereafter, the velocity through the 
downchute is 7.2 ft/sec and the velocity through the swale off the landfill is 5.8 ft/sec as 
calculated in Section 3 and presented in Tables 2-4 through 2-6 and Attachment 1. 

Drainage and conveyance structures were designed and sized to withstand erosive forces 
of water and not to exceed the permissible non-erodible velocities presented in Section 
3.2.2 and summarized in Table 3-1.  

Table 3-1 
Comparison of Calculated Flow Velocities and Permissible Non-Erodible Velocities 

Type Velocity Permissible Non-Erodible Velocity 

Temp. Soil Berm – Subtitle D Top 
Dome 2.5 ft/sec 3 ft/sec (silty-loam) 

Swale – Subtitle D Top Dome 2.6 ft/sec 9 to12 ft/sec (RECP or Recycled Rip-Rap) 

Downchute – Off Subtitle D Top 
Dome 7.2 ft/sec 18 ft/sec (Gabion Mattress) 

Swale – Off Landfill 5.8 ft/sec 9 to12 ft/sec (RECP or Recycled Rip-Rap) 

 

To further reduce flow velocities and allow sediments and other pollutants to settle, rock 
check dams will be installed along the drainage swales as shown on Sheets C-4 and C-5 
in Appendix B (Design Drawings). 

The hydraulic calculation supporting this design of the temporary soil berm is included in 
Attachment 2. The hydraulic calculation supporting the design of the permanent diversion 
drainage swales are included in Attachment 1. 

Soil Loss Calculations 

Soil erosion loss was estimated utilizing the Revised Universal Soil Loss Equation 
Version 2 (RUSLE2). RUSLE2 uses factors that represent the effects of climate 
(erosivity, precipitation, and temperature), soil erodibility, topography, cover 
management, and support practices to compute soil loss and erosion. 

RUSLE2 is a mathematical model that uses a system of equations implemented in a 
computer program to estimate erosion rates. The other major component of RUSLE2 is a 
database containing an extensive array of site/county specific values (precipitation, R, 
EL, etc.) that are used by the RUSLE2 user to describe a site-specific condition so 
RUSLE2 can compute erosion values that directly reflect conditions at a particular site. 
The RUSLE2 computer program and its extensive database information were developed 
by the USDA-Agricultural Research Service (ARS), USDA-Natural Resources 
Conservation Service (NRCS) and the University of Tennessee. The soil loss estimation 
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slope is 1,500 feet long from the crest of the subtitle D cell to the perimeter swale. The 
RUSLE2 computer program allows for a maximum of 1,000 feet. Therefore, the soil 
estimation slope was divided into two segments. A 1,000 foot segment with an average 
slope of 1.8% was calculated using the following flow segments: 270 feet at 0.5%; 280 
feet at 1.7%; 20 feet at 25%; and 430 feet at 1.6%. The 500 foot segment has an average 
slope of 1.8%. 

Results show soil losses of 2.9 tons/acre/year. With the rock check dams installed as a 
best management practice (BMP) for pollution prevention, the soil losses would be 
reduced to 0.08 tons/acre/year. The soil loss analyses demonstrate that proposed erosion 
and sedimentation controls can achieve effective erosional stability. Soil loss calculations 
are included in Attachment 2. 

3.2.3. Soil Surface Stabilization – Interim Measures 

The selected BMPs to be implemented during landfill operations, for soil stabilization 
and stormwater control, are ones that are proven and commonly used as described below. 

Temporary stabilization of intermediate cover on top dome and external slopes will be 
completed within 180 days after installation and maintained until the final cover is placed 
and permanent stabilization controls implemented. The specific cover practices that will 
be implemented prior to installation of final closure: 

§ Mulch - Mulching is the application of a layer of organic, biodegradable material 
which is spread over areas where vegetation is not yet established. Types of mulch 
include compost, straw, wood chips, or manufactured products. Mulch application 
can be in dry or hydraulic forms. When applied dry, the thickness of the mulch will 
vary depending on the type of mulch applied. Primary-grind mulch (e.g. wood shreds 
that form a mass of intermixed fragments), which will be used primarily for erosion 
control, will be applied using spreading equipment, such as a bulldozer, at a minimum 
thickness of 2-inches. Compost material, which will consist of more finely ground 
mulch, will be applied using mechanical spreaders or sprayers. A tackifier or binder 
can be used to increase the strength and durability of the mulch. Hydraulic mulch 
applications consist of the use of hydromulch, bonded fiber matrix, Flexible Growth 
Medium (FGM), as well as other commercially available products. Hydraulic mulch 
typically includes a tackifier or binder. Seeds can be applied to the soil first or mixed 
into the hydraulic mulch.  

The application method and application rate of hydraulic mulch will be based on 
manufacturers’ recommendations to ensure a uniform and complete coverage. Any 
mulch (dry or hydraulic) that is used shall be evaluated by site personnel to ensure it 
remains in place on the slopes during rain events or windy conditions. 
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For erosion control in drainage swales as shown on Drawing D-1 in Attachment 1 of this 
report, rolled-erosion control Turf Reinforcement Mat (TRM) products can be used and 
are specified herein. The standard specification for rolled erosion control products 
published by the Erosion Control Technology Council is provided in Attachment 4. 

For pollution prevention, rip-rap rock check dams (rock check dam) are specified. These 
types of silt control structures are alternatives of traditional silt fences and straw bales. A 
typical rock check dam consists of rip-rap rock placed in a swale with gravel filter on the 
upstream face that decreases velocity so that sediment can settle out of the storm water 
before passing over the dam. Rock check dams are detailed on Sheet C-9 in Appendix B 
(Design Drawings).  

For on-site stockpiles, some combination of silt fences, rock berms and/or soil berms will 
be required around the stockpiles to prevent the discharge of sediment-laden runoff from 
the stockpile area(s) unless vegetation is used to stabilize the stockpiles. 

3.3. Final Cover Stage 

Permanent erosion and sediment control measures will be installed during the final cover 
phase. These permanent erosion and sedimentation control measures include an erosion 
control layer (e.g mulch and rip-rap). Details of the measures are shown on Sheet C-7 and 
C-9 in Appendix B (Design Drawings). 

3.3.1. Erosion and Sedimentation Controls Design 

Permanent erosion and sediment control measures were designed based on the peak flow 
velocities presented in Tables 2-4 through 2-6 and soil loss analysis discussed below for 
the final cover design. 

Peak Runoff Velocities Calculations 

The flow velocity through the drainage conveyance structures where calculated in 
Section 2.3 and presented in Table 2-4 through 2-7. The diversion swales, downchutes, 
and culverts will have erosion control protection as specified on the drawings. All the 
velocities presented in Tables 2-4 through 2-7 compared to the permissible erodible 
velocities presented in Table 3-1 illustrate that the drainage and conveyance structures 
were designed and sized to withstand erosive forces of water and not to exceed the 
permissible non-erodible velocities. 

Soil Loss Calculations 

RUSLE2 was exercised to compute the soil loss analysis for the final cover surfaces. The 
1,000 foot segment now has an average slope of 2.6%, which was calculated using the 
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following flow segments: 270 feet at 3.5%; 280 feet at 1.7%; 20 feet at 25%; and 430 feet 
at 1.6%. The 500 foot segment has an average slope of 1.8%. The input data for 
management operations have been changed: vegetative cover and rip-rap surface 
treatment on embankments added, etc. The results show soil losses of 3.1 tons/acre/year 
and reduction to 0.08, because of erosion control measures. The soil loss analysis 
demonstrates that the landfill surfaces with proposed erosion and sedimentation controls 
can achieve recommended soil loss rate. (According to Guidance for Addressing 
Erosional Stability During all Phases of Landfill Operation, 30 TAC §330.63(c), 
§330.305(c), (d) and (e), 02/14/07, the soil erosion loss of 50 tons/acre/year is a 
permissible soil erosion loss rate and 2 to 3 tons/acre/year is a recommended rate for final 
cover phase). 

Erosion calculations report is included in Attachment 3. Based on velocity and soil 
erosion analyses, selections of BMPs are identified and general installation guidance is 
provided in Appendix B (Design Drawings) of the permit modification. 

3.3.2. Soil Surface Stabilization – Permanent Measures 

The selected BMPs that will be implemented for final cover and post closure landfill 
operations, to meet the soil stabilization and stormwater control requirements, are ones 
that are proven and commonly used as described below. 

Vegetation - Vegetative cover reduces erosion potential by shielding the soil surface from 
the direct erosive impact of raindrops, improving the soil's water storage porosity and 
capacity, so more water can infiltrate, slowing the runoff and allowing the sediment to 
drop out, and physically holding the soil in place with plant roots. Vegetative cover will 
consist of a balanced mixture of native herbaceous and vascular plants. Appendix E of 
the Final Cover Design report prepared by Weaver Boos Consultants, LLC provides a 
recommended seed mix for vegetation establishment that utilizes indigenous species of 
the area such as red threeawn and mesa dropseed. This type of vegetation is more suitable 
for the area and was selected in accordance with rules and regulations published in the 
Federal Seed Act and Texas Seed Law. The standard seeding specification published by 
the Texas Department of Transportation (TxDOT) is provided in Attachment 4. 

Localized erosion control protection such as rip-rap surface treatment, RECP, and gabion 
mattresses will be installed as determined by Fort Bliss at the time of closure. 
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4. Maintenance and Inspections 

In addition to the design and operational considerations as previously described in the 
Erosion and Sedimentation Control Plan, inspection and maintenance of the stormwater 
management system and erosion control measures are necessary to maintain the required 
effectiveness of the system components. The inspection, maintenance, and repair 
guidelines discussed in the following sections will be implemented into the employee 
training program as outlined in Site Operating Plan and Stormwater Pollution Prevention 
Plan 2005. 

4.1. Stormwater Management System 

The facility will be monitored to ensure the integrity and adequate operation of the 
stormwater collection and conveyance structures. On a weekly basis and following major 
storm events, all temporary and permanent drainage facilities will be inspected. In the 
event of a washout or failure, the drainage system will be restored and repaired pursuant 
to 30 TAC §330.305(e) (1). Plans and actions will be developed to address and remediate 
the problem, to ensure protection to ground and surface waters. 

Erosion of intermediate and final cover will be repaired pursuant to 30 TAC §330.165(g). 
Sediment and debris will be removed from swales as needed to maintain the effectiveness 
of the stormwater management system. Minor maintenance requirements, such as the 
removal of excessive sediment and vegetation, will be undertaken as required.  

In accordance with 30 TAC §330.305(g), Stormwater Pollution Prevention Plan 2005, 
describes inspections, maintenance, and record keeping frequencies and techniques for 
the phased development of the landfill. The plan discusses how the owner or operator 
will handle, store, treat, and dispose of surface or groundwater that has become 
contaminated by contact with the working face of the landfill or with leachate pursuant to 
§330.207 of this title (relating to Contaminated Water Management); and how storage 
areas for this contaminated water will be designed with regard to size, locations, and 
methods. 

A Storm Water Pollution Prevention Plan was prepared for the site in 2005 (Attachment 
5). The plan satisfies the control of erosion and sedimentation using interim controls for 
the phased development of the landfill as required by 30 TAC §330.63(c) (1) and 
§330.305(c), (d), and (e) until the landfill is closed per the regulations. 
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4.2. Landfill Cover Materials 

Landfill cover soils are inspected on a regular basis. Daily cover soils are inspected and 
applied as part of the Site Operating Plan requirements. In addition, pursuant to the 
facility's SWPPP, during the active life of the site, daily, intermediate and final cover will 
be inspected weekly and after a significant rainfall event for areas of erosion, exposed 
waste, or other damage. During the post-closure maintenance period of the site, the final 
cover will be inspected quarterly. The inspections will include any temporary or 
permanent erosion measures that are in place at the time of the inspection. 

Reports of these inspections will be documented in the Cover Application Log and will 
be maintained as part of the site operating record, in accordance with the Site Operating 
Plan. Damage to the cover system noted during these inspections will be repaired, as set 
forth below, and documented in the Cover Application Log. Any runoff from damaged or 
eroded areas that has met waste will be handled as contaminated water in accordance 
with SWPPP until the repairs are completed. 

In accordance with 30 TAC §330.165(g), erosion gullies or washed-out areas deep 
enough to jeopardize the intermediate or final cover must be repaired within five days of 
detection. An eroded area is considered deep enough to jeopardize the intermediate or 
final cover if it exceeds four inches in depth as measured from the vertical plane from the 
erosion feature and the 90-degree intersection of this plane with the horizontal slope face 
or surface. Damage to any temporary or permanent erosion measures that are noted 
during the inspections, will be repaired or replaced within 14 days of detection. The 
repair schedule as outlined for the cover or the erosion measures may be extended due to 
inclement weather conditions or the severity of the condition requiring an extended repair 
schedule.
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Attachment 1 
Drainage Basins Map, Peak Discharge Flow and 

Drainage Swale Design 
  











Runoff Coefficient
Hydraulic Design Manual (TxDOT)

Value
Relief (Cr) 0.08
Soil Infiltration  (Ci) 0.07
Vegetal Cover  (Cv) 0.12
Surface  (Cs) 0.11

Coefficient (C= Cr + Ci + Cv + Cs) 0.38

Coefficient Ajustment Factor (Cf) 1.1

G:\4285061 Fort Bliss Landfill tech asist\200 Permit Mod\NOD Response\Peak Discharge Using The Rational 
Method
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Attachment 2 
Intermediate Erosion and Soil Control Design 

Calculations (Peak Runoff Velocity, Swale Design, and 
Soil Loss)  
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Attachment 3 
Final Erosion and Soil Control Design Calculations (Soil 

Loss)  
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Attachment 4 
Erosion and Soil Control Measures Specifications 

Information  
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Attachment 5 
2005 Stormwater Pollution Prevention Plan (For 

Reference Only.  Prepared by U.S. Army Center for 
Health Promotion and Preventive Medicine.) 
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1. Introduction 

The final closure plan has been prepared to provide a general guidance for the Fort Bliss 
Municipal Solid Waste Landfill (MSWLF) in meeting the Texas Commission on 
Environmental Quality (TCEQ) rules listed in Title 30 of the Texas Administrative Code 
Chapter 330 Rule 457 (Title 30 TAC §330.457) in reference to the closure requirements 
for MSWLF units. 
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2. Final Cover Requirements 

2.1. Final Cover Design 
Title 30 TAC §330.457(a) 

The Fort Bliss MSWLF was permitted on November 1, 1982 for a total area of 106 acres.  
Currently, approximately 80% of the MSWLF has been operationally closed or is 
inactive.  Three acres of the MSWLF have been closed as a Type I landfill unit.  Ten and 
a half acres of the remaining portion of the landfill are designed to meet both USEPA 
Subtitle D and the Texas Municipal Solid Waste regulations.  The remaining landfill area 
is classified as a Type IV construction and demolition debris cell. 

The currently permitted final cover requirements for the MSWLF are summarized as 
follows: 

Table 2-1 

Fort Bliss MSWLF Final Cover Requirements (Title 30 TAC §330.457(e)(2)) 

Area* Cover Requirements Current Status 

80 Acres  36” thick optimized ET soil 
layer Operationally Closed/Inactive 

10.5 Acres (Type I) 36” thick optimized ET soil 
layer Active 

3 Acres (Type I) Non-Subtitle D Cover Closed 1999  

5 Acres (Type IV) 36” thick optimized ET soil 
layer Active 

7 Acres ** N/A N/A 

 
* Acreage is approximate and for estimation purposes only. 
** Designed landfill access area (outside waste fill limits). 
 
As summarized in Table 2-1, the 3-acre Non-Subtitle D Type I cell was closed in 1999 
with a final cover that complied with the closure plan for that cell and for which TCEQ 
closure approval was obtained on February 24, 1999.  However, the remainder of the 
facility will be closed with an optimized Evapo-Transpiration (ET) final cover designed 
to be equivalent with the currently permitted final cover systems.  The optimized ET 
cover will be the only final cover design for those parts of the landfill that have not 
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received a permitted final cover (i.e. all landfill cells except the non-subtitle D cell that 
was capped/closed in 1999).  The optimized ET final cover will also be installed over top 
of the approved final cover of the Non-Subtitle D Type I cell for site grading and 
drainage purposes. 

The optimized ET final cover system will consist of a 3-foot thick soil layer comprised of 
the following: 

§ 36-inch thick layer constructed in 12-inch lifts of Silty Sand or Clayey Sand (SM 
or SC or any combination thereof) material compacted to a maximum of 90% of 
the Standard Proctor maximum dry density.  The soils in this layer will be capable 
of storing moisture in the final cover system so that moisture can be removed by 
evapotranspiration and transpiration from vegetation growing on the cover. 

The optimized ET cover system will be constructed from course-grained permeable soils 
in lifts (from top to bottom) as follows: 

§ Top 12-inch thick lift consisting of Silty Sand or Clayey Sand (United Soil 
Classification System (USCS) classification SM or SC or any combination 
thereof) material serves as a medium for plant growth, and provides protection 
against erosion and desiccation; 

§ Second 12-inch thick lift consisting of Silty Sand or Clayey Sand (SM or SC or 
any combination thereof) material; 

§ 12-inch thick bottom lift consisting of Silty Sand or Clayey Sand (SM or SC or 
any combination thereof) material. 

2.2. Final Cover Area 
As summarized in Table 2-1, the 3-acre Non-Subtitle D Type I cell was closed in 1999.  
However, the remainder of the facility will be closed with an optimized 
evapotranspiration (ET) landfill final cover.  The total area to be capped and closed with 
the optimized ET landfill cover (95.5 acres) includes the 80-acre 1970’s era inactive 
cells, the 10.5-acre Type I cell, and the 5-acre Type IV C&D cell.  The optimized ET 
cover system is proposed for areas of existing waste with the exception of the Cell 2 area 
which was previously capped with a geomembrane cover.  In areas that transition 
between the waste cells, general fill will be installed to transition the grading between 
cover areas.    
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3. Maximum Inventory of Waste 
 
Title 30 TAC §330.457(e)(3) 
 
Based on the approved 1995 final landfill contours, the total permitted waste capacity of 
the Fort Bliss MSWLF is 5.9 million cubic yards.   The March 2009 MOD for the 10-foot 
height increase in the Subtitle-D cell added an additional 180,000 cubic yards of landfill 
capacity.  The optimized ET landfill cover final grading plan does not significantly alter 
the final grades presented in the March 2009 MOD; however, the optimized ET landfill 
cover final grading plan generally conforms to the grades developed during filling 
operations (based on the 2010 topographic survey) to provide more easily constructible 
ridges, swales, and slopes and a more uniform surface for installation and maintenance of 
the optimized ET final cover.  In addition, the final grading is design to minimize waste 
relocation and optimized the south slope orientation to the extent practical to support the 
potential for future post-closure use (i.e., Photo-Voltaic (PV) development on the final 
cover).   

The landfill cover, as further shown in the permit drawings, maintains a minimum slope 
of 2 percent (at the top deck of the landfill) and a maximum slope of 5 percent (at the side 
slopes of the landfill) in accordance with the regulations.  In addition, as further noted in 
the Slope Stability and Settlement Analysis, the grading has been adjusted to account for 
settlement that is anticipated to occur over the 30 year post-closure life.  In general, the 
settlement is anticipated to be uniform across the landfill, this will ensure the overall 
grades of the final cover (i.e., post closure care) will maintain the minimum 2 percent 
slope.  The exception to this is the Active C&D area, where the potential for settlement is 
expected to be higher, to account for this in this area, the slope at closure was increase to 
5 percent. The 5% slope in this area is required to account for the anticipated future 
settlement based on our revised settlement analysis. 

The latest Annual Solid Waste Report for FY2013 reported that  the current remaining 
airspace volume in the active cells totaled 59,986 CY as of August 31, 2013.  It should be 
noted that the landfill will be closed prior to reaching its permitted waste capacity of 
5,893,932 CY.  As reported in the 21 February 1996 Report on Volume Calculations and 
Case Studies, exploratory trenches advanced through the 1970’s era filled and 
operationally closed landfill cells discovered an in-place waste depth of 25-feet 
corresponding to an in-place waste volume of 2,984,467 CY.  The permitted waste 
capacity over this same area, based on the design waste depth of 30-ft, is 3,676,542 CY.  
Therefore, the disparity between the permitted capacity and the anticipated final volume 
of in-place waste is primarily related to the shallower waste depth in the historic cells. 
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4. Final Cover Design 

4.1. Optimized ET Cover System 
As previously discussed in Section 2.1, the Fort Bliss MSWLF will be closed with an 
optimized ET final cover designed to be equivalent with the currently permitted final 
cover systems.  The optimized ET cover will allow for storm water storage during wet 
weather periods this promotes deep root growth while limiting infiltration to the 
underlying waste.  The optimized ET cover will be the only final cover design for those 
parts of the landfill that have not received a permitted final cover.  The optimized ET 
cover system was designed to meet the requirements listed in Title 30 TAC §330.457 and 
will consist of a 3-foot thick soil layer constructed in three 12-inch thick lifts (from top to 
bottom) as follows: 

§ 12-inch thick top lift suitable for sustaining vegetative growth and consisting of 
Silty Sand or Clayey Sand (SM or SC or any combination thereof) material 
compacted to a maximum of 90% of the Standard Proctor maximum dry density.  
The top lift serves as a medium for plant growth, and provides protection against 
erosion and desiccation; 

§ 12-inch thick second lift consisting of Silty Sand or Clayey Sand (SM or SC or 
any combination thereof) material compacted to a maximum of 90% of the 
Standard Proctor maximum dry density; 

§ 12-inch thick bottom lift consisting of existing cover material and/or additional 
stockpiled Silty Sand or Clayey Sand (SM or SC or any combination thereof) 
material compacted to a maximum of 90% of the Standard Proctor maximum dry 
density to provide additional water retention storage volume. 

It should be noted that the TCEQ Municipal Solid Waste (MSW) Permitting Program 
uses a 25-inch average annual precipitation line as defined by Title 30 TAC 
§330.5(b)(1)(D) to delineate areas of the State defined as arid. El Paso lies to the west 
of the 25-inch average annual precipitation line and therefore has been deemed arid 
for the purposes of considering an alternative landfill design and modeling and 
constructing without model calibration. 

4.2. Landfill Cells 
Title 30 TAC §330.457(e)(1) 

The Fort Bliss MSWLF is comprised of five distinct areas: 
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1. 1970’s era inactive cells that consist of 30-foot deep trenches with two feet of 
clean soil cover.  These cells cover an 80 acre area and are unlined and without 
leachate collection.  The permit does not allow further placement of MSW on 
these cells.  According to the March 1995 Final Closure Plan and Cost Estimate 
these 80 acres are closed; however, formal TCEQ approval documentation has not 
been located in the DOE or TCEQ files. 

2. A three-acre Type 1 cell with final cover in place (non-Subtitle D) that complies 
with the closure plan and TCEQ closure requirements.  TCEQ approval was 
received on February 24, 1999. 

3. A 10.5-acre Type I active cell meeting Subtitle D requirements.  This cell is lined 
and has a leachate collection system.  This cell is nearing permitted capacity and 
is anticipated to be full by January 2012.   

4. A 5-acre active Type IV construction debris cell.  This cell is unlined and without 
leachate collection.  This cell is also anticipated to reach capacity by July 2012. 

5. Seven acres designated for landfill roads, access areas, gatehouse, etc. 

4.3. 1970’s Inactive Cells 
The 1970’s era inactive areas are covered with 24-inch thick clean soil, as indicated in the 
March 1995 Final Closure Plan and Cost Estimate sealed by Mr. John Karlsruher of 
Cardenas-Salcedo and Associates, Inc.  These landfill areas are also indicated as closed in 
the May 1999 Final Cover Quality Control Plan for the 3-acre Type 1 cell.  However, this 
area is described as in interim closure by Fort Bliss DPW-ENV and no TCEQ approval or 
Texas P.E. certification of closure has been found in TCEQ or Fort Bliss DPW-ENV 
records.  Accordingly, the optimized ET final cover system as described in Section 4.1 
will be installed over these areas.  The existing intermediate cover material will require 
clearing/grubbing and/or tilling, and re-grading, and compaction as defined in Section 5 
to meet the requirements of the intermediate cover component of the optimized ET cover 
system. 

The final grades of these 1970’s era cells will be adjusted to create uniform pyramidal 
shapes at each of the waste cell areas.  All cells will be graded to a slope between 2 
percent and 5 percent; as well as, crowned at the top to promote positive drainage off the 
landfill and preclude ponding of surface water when total fill height and expected 
subsidence are taken into consideration. 
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4.4. Non-Subtitle D Area (Type I) 
The closure of the Non-Subtitle D Type I cell was approved by TCEQ on February 24, 
1999.  However, general fill materials will be installed over top of the approved final 
cover for this area to allow for a smoother transition of grading between adjacent cells 
and to provide necessary drainage. 

4.5. Subtitle D Area (Type I) 
The final cover for the Type I Subtitle D area will be the ET final cover system as 
described in Section 4.1.  Final closure grades will be generally consistent with the March 
2009 MOD grades and will form a landfill plateau with minimum 2% top slopes and 
maximum 25% side slopes. 

4.6. Non-Subtitle D Area (Type IV) 
The final cover for the Type IV Non-Subtitle D area will be the optimized ET final cover 
system as described in Section 4.1.  The final grading of the Non-Subtitle D cell will 
create a uniform pyramidal shape with a minimum of a 5 percent slope to account for 
estimated future settlement in this disposal area 
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5. Construction Quality Assurance 

5.1. Introduction 
Title 30 TAC §330.457(e)(1) 

Construction of the optimized ET final cover system will be performed by using 
equipment that is suitable for completing the construction and achieving the desired 
grading, compaction and vegetative cover requirements. 

5.2. Construction Quality Control Plan (CQCP) 
This section addresses the construction of the soil components of the optimized ET final 
cover system and outlines the Construction Quality Control Plan (CQCP) to be 
implemented with regard to material selection and evaluation, laboratory test 
requirements, and field test requirements.   

The primary soil parameters and construction specifications that will impact the 
performance of the optimized ET final cover system are soil gradation, saturated 
hydraulic properties, and degree of compaction.  The modeling and design of the 
optimized ET cover system was based on these material and construction specification 
requirements.  Therefore, the QA testing procedures presented herein will be required 
prior to and during the final closure construction to ensure that the optimized ET final 
cover is constructed in accordance with the design intent and to maximize optimized ET 
performance. 

5.2.1. Source Material Evaluation 
Material evaluations shall be performed on existing cover soils as well as stockpiled or 
delivered material prior to and during construction to ascertain its acceptability for the 
intended purpose. All material shall be sampled and tested by the Contractor in 
accordance with the requirements specified in the following subsections and summarized 
in Table 5-1 below. Copies of the laboratory inspection testing results will be submitted 
to the Engineer of Record and will also be included in the Final Cover System Evaluation 
Report (FCSER). 

Standards referenced in this Section are: 

§ ASTM D422, Test Method for Particle Size Analysis of Soils 

§ ASTM D698, Standard Test Methods for Laboratory Compaction Characteristics 
of Soil Using Standard Effort (12,400 ft-lbf/ft3) 



 
Section 5 

Construction Quality Assurance 
 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Appendix O – Final Closure Plan – Fort Bliss Municipal Solid Waste 
Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
5-2 

 

§ ASTM D2487, Standard Practice for Classification of Soils for Engineering 
Purposes (Unified Soil Classification System) 

§ ASTM D2488, Standard Practice for Description and Identification of Soils 
(Visual-Manual Procedure) 

§ ASTM D2216, Test Methods for Laboratory Determination of Water (Moisture) 
Content of Soil and Rock by Mass 

§ ASTM D5084 – Standard Test Methods for Measurement of Hydraulic 
Conductivity of Saturated Porous Materials Using a Flexible Wall Parameter 

§ ASTM D6938, Test Method for In-Place Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow Depth) 

§ EM 1110-2-1906 Appendix VII, U.S. Army Corps of Engineers Test Method for 
Measurement of Hydraulic Conductivity of Saturated Porous Materials  

5.2.2. Use of Existing Intermediate Cover Soils 
Both the bottom and second lifts of the optimized ET cover may utilize existing in-place 
cover material provided such in-place soils meet the material characteristics and 
compaction requirements as specified in Table 5-1.  In general, the procedure for utilizing 
existing intermediate cover soils is as follows: 

· Existing Intermediate Cover thickness is less than 12 inches - supplement with 
additional soils meeting material specifications to achieve required thickness and 
compact as required 

· Existing Intermediate Cover thickness is equal to or greater than 12 inches and 
meets compaction - document that materials meet characteristic and compaction 
requirements and leave in place as bottom lift 

· Existing Intermediate Cover thickness equals 12 inches and does not meet 
compaction - re-work and re-compact as required 

· Existing Intermediate Cover thickness is more than 12 inches and does not meet 
compaction requirements – remove excess material and temporarily stockpile for 
reuse.  Remaining in-place material will be re-worked and re-compacted as 
required.   

Material specifications, construction requirements, and field testing requirements for each 
lift are further discussed in Sections 5.2.3 and 5.2.4.  
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Table 5-1 
Fort Bliss MSWLF Optimized ET Cover Source Material Evaluation 

 
 
 

Soil Parameter 

 
 

Testing Method 

Bottom 12-inch-thick Layer Second 12-inch-thick Layer Top 12-inch-thick Layer  
 

Testing 
Frequency 

Passing Criteria Testing 
Frequency 

Passing Criteria Testing 
Frequency 

Passing Criteria 

Soil classification (borrow source 
testing) 

ASTM D 2487 Each 10,000 cy SM or SC2 Each 10,000 cy SM or SC2 Each 10,000 cy SM or SC2 

 

 
Moisture density relationship 

(borrow source testing) 

 
ASTM D698 

 
1 per soil type1 

Maximum 90 percent 
of standard proctor 

dry density. Standard 
proctor optimum 

moisture content or 
below.1 

 
1 per soil type 

Maximum 90 
percent of standard 
proctor dry density. 

Standard proctor 
optimum moisture 
content or below. 

 
1 per soil type 

Maximum 90 
percent of standard 
proctor dry density. 

Standard proctor 
optimum moisture 
content or below. 

Percentage (% volume) of rock 
particles between 1 inch and 2 

inches in diameter (borrow Source 
testing) 

 
ASTM D442 

 
1 per soil type1 

 
10% or less 

 
1 per soil type 

 
10% or less 

 
1 per soil type 

 
10% or less 

 
Saturated hydraulic conductvity4 
(cm/s), Ks (borrow source testing 
will also be completed as noted in 

footnote 4) 

 
ASTM D 5084 
or EM1110-2-

1806, Appendix 
VII 

1 per each 10,000 cy 
borrow soil placed 

(samples to be 
obtained from 

installed material) 

 
Ks ≤ 2.4 x 10-4 cm/s 

1 per each 10,000 
cy borrow soil 

placed (samples to 
be obtained from 
installed material) 

 
Ks ≤ 2.4 x 10-4 cm/s 

1 per each 10,000 
cy borrow soil 

placed (samples to 
be obtained from 
installed material) 

 
Ks ≤ 2.4 x 10-4 cm/s 

 
Field density and moisture 

 

 
ASTM D 6938 

 
4 tests per acre 

Maximum 90 percent 
of standard proctor 

dry density. Standard 
proctor optimum 

moisture content or 
below. 

 
4 tests per acre 

Maximum 90 
percent of standard 
proctor dry density. 

Standard proctor 
optimum moisture 
content or below. 

 
4 tests per acre 

Maximum 90 
percent of standard 
proctor dry density. 

Standard proctor 
optimum moisture 
content or below. 

Thickness Verification Instrument 
Survey Methods 

1 per 10,000 sf ≥ 12-inches 1 per 10,000 sf ≥12-inches 1 per 10,000 sf ≥ 12-inches 

 

1   If the existing cover soil is utilized as the initial 12-inch-thick layer and if re-compaction of the initial 12-inch-thick layer is required by the POR, then a moisture density relationship test and field density  measurements will be 
required.  If this condition occurs then saturated hydraulic conductivity test will also be performed on the re-compacted soil, otherwise, testing will be performed on undisturbed samples from the installed cover. 
2  Soils will be classified in accordance with the Unified Soil Classification 
System (USCS) to verify consistency of soil used in the initial 12-inch-thick layer 
or soils that will be obtained from the soil borrow area. 
4  Unless otherwise indicated, the laboratory testing will be performed on undisturbed  samples recovered from the installed layers.  The frequency of sampling area for the installed cover will be determined for the installed 
thickness.  For example, for a 1-foot-thick layer, 10,000 cy corresponds to 6.2 acres; for a 2-foot-thick vegetation support layer, frequency will be 3.1 acres.  A saturated hydraulic conductivity test will also be performed on 
the borrow soil (1 per soil type).  The borrow soil material will be re-compacted to meet the compaction specification listed in Section 2.2. 
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5.2.3. Optimized ET Cover – Bottom Lift 

5.2.3.1. Material Specification 
The optimized ET cover bottom lift will consist of twelve-inches of soil materials (SM or 
SC or any combination thereof) placed over the waste and compacted to maximum of 
90% of the Standard Proctor maximum dry density at a moisture content less than 
optimum.   

5.2.3.2. Existing Intermediate Cover Material Construction Requirements 
Across the 1970’s era inactive cells, the optimized ET cover bottom lift will likely consist 
of the existing intermediate cover soil placed in accordance with the Site Operating Plan.  
In general, over 24-inches of compacted intermediate cover material has been placed over 
these inactive cells.  Over time, isolated patches of native vegetation have taken root 
across these cells.  Therefore, the Contractor will be required to clear and grub all 
existing intermediate cover material of all vegetation, roots, and other deleterious 
materials using bulldozers, graders, tillers, or other suitable equipment to provide a 
smooth uniformly graded bare surface. 

All existing intermediate cover material will require re-working, and compaction as 
necessary to create an intermediate cover material subgrade consistent with the final 
cover requirements.  Prior to final grading and compaction, the existing intermediate 
cover material will be probed at 100-foot intervals to verify that a minimum of 12-inches 
of cover soil is in place and verify the existing in-place density.  Where existing suitable 
intermediate cover material does not meet or cannot be re-worked to meet the final cover 
material or compaction requirements or does not measure the minimum of 12-inches in 
depth, additional stockpiled SM/SC cover material shall be backfilled, graded, and 
compacted to create a uniform bare surface of suitable intermediate cover material.  
Intermediate cover material may exceed the minimum 12-inches in thickness, where 
necessary. 

5.2.3.3. Active Cell Areas 
Where existing intermediate cover material has not been installed (i.e. the active Type I 
and IV cells), SM/SC soil material will be placed as a single lift to achieve a minimum 
compacted thickness of 12-inches.  All intermediate cover material (existing re-worked 
material and stockpiled backfill) will require static and/or vibratory compaction to meet 
the project compaction requirements of a maximum of 90% of the Standard Proctor 
maximum dry at a moisture content less than optimum density through the full 12-inch 
soil layer.  Should in-place density exceed project requirements, intermediate cover 
material will be tilled to a minimum depth of 12-inches, and re-compacted with 
appropriate energy to meet the project requirements.  Surveying and grade stakes will be 
used to verify the final grades of the bottom lift. 
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5.2.3.4. Field QA Testing 
To ensure performance of the constructed optimized ET cover is similar to that modeled 
during design, the material for the bottom lift will be sampled and tested at the minimum 
frequencies presented below prior to and during construction: 

§ Soil Classification testing (ASTM D2487) - Minimum frequency of 1 test per 
10,000 CY of material for existing intermediate cover material and/or stockpiled 
material. 

§ Standard Proctor moisture/density testing (ASTM D698) – Minimum frequency 
of 1 test per soil type per lift of existing intermediate cover material or 1 test per 
soil type of stockpiled material. 

§ Sieve and hydrometer analysis testing (ASTM D422) - Minimum frequency 1 test 
per soil type per lift of existing intermediate cover material  or 1 test per soil type 
stockpiled material.  Soils shall be classified as SM, SC, or any combination 
thereof to be considered acceptable for use in the final optimized ET cover 
system. 

§ Saturated hydraulic parameter testing (ASTM D5084 or EM 1110-2-1906 
Appendix VII) - Minimum frequency of 1 test per 6 acres of existing intermediate 
cover material or 1 test per 10,000 CY stockpiled material.  Saturated hydraulic 
conductivity shall be less than or equal to 10E-4 cm/sec to be considered 
acceptable for use in the optimized ET cover system. 

§ Field density and moisture content testing (ASTM D6938) – Minimum frequency 
of 1 test per 10,000 SF for existing intermediate cover material and/or stockpile 
material installed. 

5.2.4. Optimized ET Cover – Second Lift 

5.2.4.1. Material Specification 
The optimized ET cover second lift will be installed over the first lift as approved by the 
Engineer of Record and will consist of a minimum of 12-inches of stockpiled SM/SC 
material compacted to a maximum of 90% of the Standard Proctor maximum dry density 
at a moisture content less than optimum.  This material may be excess intermediate cover 
soil material that has been removed and temporarily stockpiled for reuse. The soil will be 
inspected as placed to be free of vegetation, roots, debris, and rocks greater than 2-inches 
in diameter.   
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5.2.4.2. Construction Requirements 
The optimized ET cover second lift will be placed as a single lift to achieve a minimum 
compacted thickness of 12-inches and compacted to a maximum of 90% of the Standard 
Proctor maximum dry density.  Over-compacted material will be tilled and re-compacted.  
Surveying will be performed to verify the thickness of the lift. 

5.2.4.3. Field QA Testing 
To ensure performance of the constructed optimized ET cover is similar to that modeled 
during design the material for the second lift will be sampled and tested at the minimum 
frequencies presented below during construction: 

§ Soil Classification testing (ASTM D2487) - Minimum frequency of 1 test per 
10,000 CY of stockpiled material. 

§ Standard Proctor moisture/density testing (ASTM D698) – Minimum frequency 
of 1 test per soil type of stockpiled material installed. 

§ Sieve and hydrometer analysis testing (ASTM D422) - Minimum frequency or 1 
test per soil type stockpiled material.  Soils shall be classified as SM, SC, or any 
combination thereof to be considered acceptable for use in the optimized ET 
cover system. 

§ Saturated hydraulic parameter testing (ASTM D5084 or EM 1110-2-1906 
Appendix VII) - Minimum frequency of 1 test per 10,000 CY stockpiled material.  
Saturated hydraulic conductivity shall be less than or equal to 10E-4 cm/sec to be 
considered acceptable for use in the optimized ET cover system. 

§ Field density and moisture content testing (ASTM D6938) – Minimum frequency 
of 1 test per 10,000 SF stockpiled material installed. 

§ Thickness Verification (instrument survey methods) – Minimum frequency of 1 
survey shot per 10,000 SF performed on a 100-foot grid. 

5.2.5. Optimized ET Cover - Surface Layer (Top Lift) 

5.2.5.1. Material Specification 
The optimized ET cover surface layer (top lift –surface layer) will be installed over the 
second compacted lift as approved by the Engineer of Record and will consist of a 
minimum of 12-inches of stockpiled SM/SC material compacted to a maximum of 90% 
of the Standard Proctor maximum dry density at a moisture content less than optimum.   
The soil will be inspected as placed to be free of vegetation, roots, debris, and rocks 
greater than 2-inches in diameter.  Where possible, stockpiled SM/SC material visually 
observed to contain a higher organic content will be reserved for use in the vegetative 
surface layer. 
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5.2.5.2. Construction Requirements 
The vegetative surface layer (top lift) will be placed as a single lift to achieve a minimum 
compacted thickness of 12-inches and compacted to a maximum of 90% of the Standard 
Proctor maximum dry density at a moisture content less than the optimum moisture 
content.  Over-compacted material will be tilled and re-compacted.  Placement of 
vegetative surface layer material will not occur during rainfall events to prevent 
saturation and overcompaction.  Surveying will be performed to verify the thickness and 
final grades of the vegetative surface layer. 

The top 4-inches of the vegetative surface layer will be tilled perpendicular to the slope 
of the surface in preparation for seeding in accordance with Section 5.3. 

5.2.5.3. Field QA Testing 
To ensure performance of the constructed optimized ET cap is similar to that modeled 
during design, the vegetative surface layer material will be sampled and tested at the 
minimum frequencies presented below during construction: 

§ Soil Classification testing (ASTM D2487) - Minimum frequency of 1 test per 
10,000 CY of stockpiled material. 

§ Standard Proctor moisture/density testing (ASTM D698) – Minimum frequency 
of 1 test per soil type of stockpiled material installed. 

§ Sieve and hydrometer analysis testing (ASTM D422) - Minimum frequency or 1 
test per soil type stockpiled material.  Soils shall be classified as SM, SC, or any 
combination thereof to be considered acceptable for use in the optimized ET 
cover system. 

§ Saturated hydraulic parameter testing (ASTM D5084 or EM 1110-2-1906 
Appendix VII) - Minimum frequency of 1 test per 10,000 CY stockpiled material.  
Saturated hydraulic conductivity shall be less than or equal to 10E-4 cm/sec to be 
considered acceptable for use in the optimized ET cover system. 

§ Field density and moisture content testing (ASTM D6938) – Minimum frequency 
of 1 test per 10,000 SF stockpiled material installed. 

5.2.6. General Fill Material 

5.2.6.1. Material Specification 
The general fill material used for the preparation of subgrade below the cover system and 
in areas between the waste cell for the transition of the grades on the overall site will 
consist of existing and/or stockpiled material, free from trash or deleterious debris, 
compacted to a maximum of 90% of the Standard Proctor maximum dry density at a 
moisture content less than optimum.   The soil will be inspected as placed to be free of 
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vegetation, roots, debris, and rocks greater than 2-inches in diameter within 12 inches of 
the final grade and 6-inches in diameter below the final 12-inch layer.  Where possible, 
existing and/or stockpiled material visually observed to contain a higher organic content 
will be reserved for use in the upper 12-inch surface layer.  Where general fill material is 
used, in all cases the upper most 12-inch layer (top/surface layer) will consist of SM/SC 
soils. 

5.2.6.2. Construction Requirements 
The general fill will be placed lifts to achieve a minimum compacted thickness of 12-
inches and compacted to a maximum of 90% of the Standard Proctor maximum dry 
density at a moisture content less than the optimum moisture content.  Placement of 
general fill material will not occur during rainfall events to prevent saturation and 
overcompaction.  Surveying will be performed to verify the thickness and final grades of 
the general fill. 

5.2.6.3. Field QA Testing 
To ensure performance of the general fill is similar to that modeled during design, the 
general fill material will be sampled and tested at the minimum frequencies presented 
below during construction: 

§ Soil Classification testing (ASTM D2487) - Minimum frequency of 1 test per 
20,000 CY of stockpiled material. 

§ Standard Proctor moisture/density testing (ASTM D698) – Minimum frequency 
of 1 test per soil type of stockpiled material installed. 

§ Sieve and hydrometer analysis testing (ASTM D422) - Minimum frequency or 1 
test per soil type stockpiled material.  Soils shall be managed to the allowable 
maximum stone size based on the use as upper 12-inch layer or lower lift general 
fill. 

§ Field density and moisture content testing (ASTM D6938) – Minimum frequency 
of 1 test per 10,000 SF per lift of material installed. 

5.3. Vegetation Planting Plan 
The purpose of this plan is to detail the procedures to be used for soil preparation and 
initial planting for vegetation on the surface cover.  However, the expectation is that 
native vegetative cover will eventually establish itself over the landfill. As such this plan 
sets forth use a specified native seed mix for permanent cover which includes the two 
target grass species from the genera Aristida and Sporobolus for permanent 
establishment, but also allows for use of non-native and cultivated seed mixes per 
TxDOT specifications which are designed for temporary cover to achieve soil 
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stabilization in the event final grading is completed outside of the germination period for 
target species (May 15 – November).  

5.3.1. Soil Preparation and Seeding 
All seeds must conform to the requirements of the USDA rules and regulations set forth 
in the Federal Seed Act and Texas seed law.  Utilization of local soils stockpiled on-site 
will constitute the 12-inch thick Vegetative Surface Layer.  These soils consist of silty 
sands (SM) and clayey sands (SC) and will be compacted to a maximum of 90% of the 
Standard Proctor maximum dry density prior to seedbed preparation as discussed in 
Section 5.2.5. 

Seedbed preparation will start as soon as possible after completion of the Vegetative 
Surface Layer to the lines and grades specified in the construction plans.  The vegetated 
area will be cultivated to a typical depth of 4-inches before placement of seed or seed 
mix.  If temporary seeding is utilized, the area covered with temporary grass will be 
cultivated to a typical depth of 4 inches before application of permanent seeds. 

Table 5-2 includes the schedule and species for seeding as well as the seed application 
rate of pure live seed (PLS) per acre.  The schedule is subject to potentially change 
depending on the availability of grass species specified as well as due to unexpected 
climatic conditions during and immediately after final cover construction are 
encountered. 
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Table 5-2 

Fort Bliss MSWLF Optimized ET Cover Seeding Schedule 

Dates Seed Type to 
Use 

Seed Species to 
Use (Common 

Name) 
Seed Species to 
Use (Latin Name) 

Rates (lb 
Pure Live 
Seed/ac) 

February 1 – May 15 

Perennial 
(Native 

Species Seed 
Mix) 

Green Sprangletop Leptochloa dubia 0.3 

Red threeawn Aristida purpurea 
Nutt. 0.4 

Mesa dropseed Sporobolus 
flexuosus 0.9 

Blue Grama Bouteloua 
gracilis 1.0 

Indian Ricegrass Oryzopsis 
hymenoides 1.6 

Purple Prairieclover Dalea purpurea 0.5 

May 16 – August 31 

Temporary 
Warm 

(Summer) 
Season (A 

Native 
Species and A 

Cultivated 
Species ) 

Buffalo Grass 
 

Buchloe 
dactyloides 

 

50 
 

September 1 – 
November 30 

Temporary 
Cool (Winter) 

Season 
(Introduced 

Species) 

Plains Bristlegrass Setaria vulpiseta 4.0 

 

Plant seeding may utilize methods, as suggested by the Texas Department of 
Transportation Specifications Book. 

1. Broadcast Seeding.   Distribute seed/mixture uniformly over the areas shown on 
the plans using hand or mechanical distribution or hydro-seeding on top of the 
soil.  When seed and water are to be distributed as a slurry during hydroseeding, 
apply the mixture to the area to be seeded within 30 minutes of placement of 
components in the equipment.  Roll the planted area with a light roller or other 
suitable equipment.  Roll sloped areas along the contour of the slope. 
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5.3.2. Fertilizer Recommendations 
The installed vegetation layer will be tested for fertilizer needs prior to seeding.  Except 
for broadcast seeding, initial fertilization will occur prior to seeding.  Fertilizer needs for 
the installed vegetation layer will be determined by collecting one soil sample per every 
10 acres of installed vegetation layer, (for the purpose of this plan only one vegetation 
layer is proposed).  Soil nutrient needs will be tested by a qualified agronomic testing 
laboratory (e.g. Texas A&M University Soil, Water and Forage Testing Laboratory).  The 
laboratory testing report will determine macro and micro nutrient needs and may also 
contain suggestions for soil inoculants, organic matter, etc. for the installed vegetation 
layer.  The nitrogen, phosphoric acid and potash ratio is 2:1:1, and will be applied at a 
rate of 100 pounds of nitrogen, 50 pounds of phosphoric acid and 50 pounds of potash 
per acre, unless laboratory testing results mandate higher rates.  At a minimum, 
micronutrients will be applied at a minimum rate of 1 pound per acre of boron, calcium 
and magnesium. 

Seed and fertilizer (as required by soils analysis) may be distributed simultaneously 
during Broadcast Seeding operations, provided each component is applied at the specified 
rate.  When temporary and permanent seeding are both specified for the same area, apply 
half of the amount of fertilizer during temporary seeding operation and the other half 
during the permanent seeding operation.  Fertilization will occur at intervals of no more 
than six week after initial seeding and until vegetation is established.  To prevent damage 
to established vegetation, turf type line equipment will be used to apply fertilizer. 

 Unless otherwise specified on the plans, use a fertilizer containing nitrogen, phosphoric 
acid and potash nutrients.  Similar to urea-based and plastic resin-coated fertilizers, at 
least 50 percent of the nitrogen component must be of a slow release formulation unless 
otherwise dictated by the soils laboratory.  The vegetation establishment contractor will 
ensure that fertilizer is in an acceptable condition for distribution in containers labeled 
with the analysis.  Fertilizer is subject to testing by the Texas A&M Feed and Fertilizer 
Control Service in accordance with the Texas Fertilizer Law. 

5.4. Vegetation Establishment Verification Plan 
5.4.1. Introduction 
The Vegetation Establishment Verification Plan will ensure that the vegetation is 
established consistent with the parameters used in the optimized ET Final Cover 
Demonstration and includes the following subsections: 
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§ Vegetation Establishment Period 

§ Maintenance Activities to be Completed During the Vegetation Establishment 
Period 

§ Vegetation Performance Specification 

5.4.2. Vegetation Establishment Period 
The maintenance period will start immediately after seeding is conducted and will 
continue until TCEQ approves the vegetation establishment verification.  It is assumed 
the vegetation establishment will occur within the first year.  Vegetation will be 
considered established when a satisfactory population of mature plants is verified to 
cover no less than 10% of the ET final ground cover area.  It is assumed that re-use of 
local stockpiled soils containing native plant seed stock will significantly aide in 
facilitating vegetative growth.  It is assumed that the vegetation establishment period will 
occur within the 30-year post closure period and its approval is not contingent on the start 
of the post-closure period. 

The vegetation establishment period begins after the Final Cover System Evaluation 
Report (see Section 5.5.1) is approved by TCEQ and ends when the Vegetation 
Establishment Report (see Section 5.5.2) is approved by TCEQ.  The facility will 
establish the vegetation consistent with the parameters specified in the Vegetation 
Planting Plan. 

5.4.3. Maintenance Activities to be Completed during the Vegetation 
Establishment Period 

The following maintenance activities ensure that the planted vegetation will meet the 
vegetation performance specification: 

§ Following application of perennial seed mix, the certifying engineer will visit the 
site on a periodic basis within the first month to inspect the cover surface and to 
check for any damage to the installed cover soils. 

§ After the inspections, the certifying engineer  will visit the site periodically for the 
first year to inspect the installed final cover soils and the vegetation being 
developed. Areas with excessive erosion will be re-graded by replenishing the 
topsoil and re-seeded. 

§ Areas of significant differential settlement will be re-graded and re-seeded. 

§ Areas that experience erosion will be promptly repaired. 

§ All activities including but not limited to site visits by the POR will be 
documented in the Site Operating Record. 
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5.4.4. Vegetation Performance Specification 
The vegetation layer will be evaluated at the end of the vegetation establishment period 
by a Texas Licensed Professional Engineer to determine if the vegetation is established in 
accordance with the Evapotranspiration Cover Design Report.  The performance 
specification for the vegetation layer is summarized herein: 

§ Vegetative Coverage – The vegetative coverage specification is based upon a 
demonstration during the vegetation establishment period of a satisfactory 
population of mature plants covering no less than 10% of the optimized ET final 
ground cover area.  

5.5. Documentation 

5.5.1. Final Cover System Evaluation Report (FCSER) 
Following the installation of the optimized ET cover system, a Final Cover System 
Evaluation Report will be submitted certifying that the ET soils were constructed in 
accordance with the construction methods and test procedures in the Final Cover Quality 
Control Program.  The FCSER will be signed and sealed by a Professional Engineer in 
the State of Texas and include, at a minimum: 

§ Completed report forms required by TCEQ 

§ Summary of construction activities 

§ Summary of the initial installation of vegetation 

§ Summary of all laboratory and field test results 

§ Drawings showing sample and test locations 

§ Field and laboratory test results 

§ As-built drawings 

§ A description of significant construction problems and the resolution of these 
problems 

§ A statement of compliance with the Final Cover Quality Control Program 

The Final Cover Evaluation Report will be signed and sealed by the Professional 
Engineer, signed by the site operator, and submitted to the MSW Permits Section of 
Waste Permits Division of the TCEQ for acceptance.  Upon acceptance of the Final 
Cover Evaluation Report, the vegetation establishment period will begin as noted in the 
Vegetation Establishment Verification Plan. After the acceptance of the Final Cover 
Evaluation Report and during the vegetation establishment period, the applicant will 
request closure of the site in accordance with this Report.   
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5.5.2. Vegetation Establishment Verification Report 
At the end of the vegetation establishment period, a Vegetation Establishment 
Verification Report will be completed as described in the Vegetation Establishment 
Verification Plan.  A quarterly report will be submitted to TCEQ during the vegetation 
establishment period.  The quarterly report will include the status of vegetation 
establishment activities (fertilizer application, reseeding, etc.) and any other activities that 
are related to installed final cover or vegetation 

The Vegetation Establishment Verification Report will be prepared and submitted to 
TCEQ for approval at the end of the vegetation establishment period.  The report will be 
prepared by a Texas Licensed Professional Engineer and include the following: 

§ Documentation that the percent vegetative cover is in accordance with the ground 
cover and bare area determination procedures included in this plan.  This 
documentation will include the engineers’ assessment of the vegetation cover and 
photographs that document compliance with the performance specification. 

§ The certifying engineer will also provide a statement indicating that the 
vegetation layer of the optimized ET final cover system has been maintained 
consistent with the parameters used in the UNSAT-H analysis. 
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6. Schedule for Closure Activities 

The landfill closure schedule and other closure related activities shall follow the 
requirements of Title 30 TAC §330.457(f) and (g). 

6.1. Closure Schedule 
Title 30 TAC §330.457(e)(4) 

An overall timetable for the closure of the Fort Bliss MSWLF is presented following this 
section. This schedule is based on the current BRAC realignment process at Fort Bliss 
and the regulatory closure requirements described in subsequent sections. 

6.2. Final Contour Map 
Title 30 TAC §330.457(e)(5) 

A final contour map depicting the proposed final contours, top slopes, and side slopes, 
and proposed surface drainage features is provided as Sheets C-2 and C-3 in Appendix B 
of the permit modification application. The MSWLF is not within a 100-year flood plain. 

6.3. Location of Plan 
Title 30 TAC §330.457(f)(1) 

Fort Bliss DPW-ENV shall maintain a copy of the closure plan in the operating record. 

6.4. Written Notification 
Title 30 TAC §330.457(f)(2) 

No later than 45 days prior to the initiation of closure activities for any area or final 
closure of the facility, Fort Bliss shall provide written notification to the Executive 
Director of the intent to close the unit or facility and place this notice of intent in the 
operating record. 

No later than 90 days prior to the initiation of a final facility closure, Fort Bliss shall, 
through a public notice in the newspaper(s) of largest circulation in the vicinity of the 
facility, provide public notice for final facility closure.  This notice shall provide the 
following information: 

§ Facility Name 
§ Facility Address 
§ Physical Location of the Facility 
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§ The Permit Number 
§ Last Date of Intended Receipt of Waste. 

6.5. Start of Final Closure Activities 
Title 30 TAC §330.457(f)(3) 

Fort Bliss shall begin final closure activities for each unit or facility no later than 30 days 
after the date on which the unit or facility receives the known final receipt of wastes or, if 
the unit or facility has remaining capacity and there is a reasonable likelihood that the 
unit or facility will receive additional wastes, no later than one year after the most recent 
receipt of wastes.  A request for an extension beyond the one-year deadline for the 
initiation of closure may be submitted to the executive director for review and approval 
and shall include all applicable documentation necessary to demonstrate that the unit has 
the capacity to receive additional waste and that Fort Bliss has taken and will continue to 
take all steps necessary to prevent threats to human health and the environment from the 
MSWLF. 

6.6. Completion of Final Closure Activities 
Title 30 TAC §330.457(f)(4) 

Fort Bliss shall complete final closure activities for the unit or facility in accordance with 
the approved final closure plan within 180 days following the initiation or final closure 
activities.  A request for an extension for the completion of final closure activities may be 
submitted to the Executive Director for review and approval and shall include all 
applicable documentation necessary to demonstrate that closure will, of necessity, take 
longer than 180 days and all steps have been taken and will continue to be taken to 
prevent threats to human health and the environment from the unclosed MSWLF unit. 

6.7. Certification 
Title 30 TAC §330.457(f)(5) 

Following final closure of the MSWLF unit or facility, the owner or operator shall submit 
to the Executive Director for review and approval a Final Cover System Evaluation 
Report (FCSER), a Vegetation Establishment Report, signed by an independent licensed 
professional engineer, verifying that final closure has been completed in accordance with 
the approved final closure plan.  The submittal to the Executive Director shall include all 
applicable documentation necessary for certification of closure.  Once approved, this 
certification shall be placed in the operating record. 
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6.8. Inspection Report 
Title 30 TAC §330.457(f)(6) 

Following receipt of the required final closure documents, as applicable, and an 
inspection report from the commission’s district office verifying proper closure of the 
MSWLF unit or facility according to the approved final closure plan, the executive 
director may acknowledge the termination of operation and closure of the unit or facility 
and deem it properly closed. 

6.9. Affidavit to the Public 
Title 30 TAC §330.457(g) 

Upon notification to the executive director, Fort Bliss shall post a minimum of one sign at 
the main entrance and all other frequently used points of access for the facility notifying 
all persons who may utilize the facility of the date on closing for specific unit(s) or the 
entire facility and the prohibition against further receipt of waste materials after the stated 
date. 

Within 10 days after completion of final closure of the MSWLF unit or facility, Fort Bliss 
shall submit to the executive director a certified copy of an “Affidavit to the Public” in 
accordance with the requirements of Title 30 TAC §330.19 and place a copy of the 
affidavit in the operating record. In addition, a certified notation of the deed to the facility 
property, or on some other instrument that is normally examined during title search, 
needs to be recorded.  This is intended so that in perpetuity any potential purchaser of the 
property is notified that the land has been used as a landfill facility and use of the land is 
restricted. 

Post-closure care maintenance specified in Title 30 TAC §330.463(b) (relating to Post-
Closure Care Requirements) shall begin immediately upon the date of final closure as 
approved by the executive director. 

6.10. Post-Closure Care 
Following the professional engineer certification of the completion of closure as accepted 
by the Executive Director of the TCEQ Waste Permits Division, Fort Bliss DPW-ENV 
shall commence the 30-year post-closure care period. A Vegetation Establishment Report 
shall be submitted semi-annually during the cover vegetation start-up period indicating 
the type and quantity of vegetation established, the percent vegetative cover, and the 
vegetative root structure.  If the type or quantity of vegetation or root structure does not 
meet specifications, then corrective action shall be taken to improve the vegetation 
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consistent with the optimized ET final cover design.  Post-closure care requirements are 
discussed in the Post Closure Plan.   
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7. Closure Cost Estimate 

Title 30 TAC §330.63(j) 

As an agency of the Federal Government, Fort Bliss is not required to complete financial 
assurance mechanism requirements.  Therefore, a closure cost estimate is not required per 
Title 30 TAC §37.8001. 
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1. Introduction 

This Post–Closure Care Plan has been prepared to provide general guidance for Fort Bliss 
in meeting the Texas Commission on Environmental Quality (TCEQ) rules listed in Title 
30 of the Texas Administrative Code Chapter 330 Rule 463 (Title 30 TAC §330.463) in 
reference to the post-closure care maintenance requirements for Municipal Solid Waste 
Landfill (MSWLF) units. A copy of this Post-Closure Care Plan will be maintained in the 
operating record. 
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2. Maintenance and Monitoring 

2.1. Post-Closure Care 
Title 30 TAC §330.463(b)(1) 

After professional engineer certification of the completion of closure requirements for the 
MSWLF is accepted by the executive director, Fort Bliss shall begin conducting post-
closure care maintenance for 30 years unless the executive director specifies otherwise.  
Post closure care shall consist, at a minimum, of the following: 

2.1.1. General Maintenance 
Title 30 TAC §330.463(b)(1)(A) 

Fort Bliss (the owner) or operator shall retain the right of entry to the closed unit or 
facility and shall maintain all rights-of-way and conduct maintenance and/or remediation 
activities as needed, in order to maintain the integrity and effectiveness of all final cover 
and drainage control system(s); to correct any effects of settlement, subsidence, ponded 
water, erosion, or other events or failures detrimental to the integrity of the closed unit or 
facility; and to prevent surface run-on and run-off from eroding or otherwise damaging 
the final cover system. 

2.1.2. Leachate Collection System Monitoring 
Title 30 TAC §330.463(b)(1)(B) 

Fort Bliss shall maintain and operate the leachate collection system (LCS) in accordance 
with the requirements listed in Title 30 TAC §330.331 and §330.333 (relating to Design 
Criteria and Leachate Collection System, respectively). 

Leachate shall be measured at least once a year by a scaled dip stick into the on-site 
vertical leachate monitoring pipe.  The watermark on the stick measures the depth of 
leachate that collected on the liner.  If the leachate is more than 12 inches (30 
centimeters) deep in the landfill, it will be pumped out through the leachate transfer pipe 
and spread on the Subtitle D cell for evaporation. 

The leachate measurement shall be kept in the site operating record.  These 
measurements shall also be reported to the TCEQ. The executive director may allow Fort 
Bliss to stop managing leachate if Fort Bliss demonstrates to the approval of the 
executive director that leachate no longer poses a threat to human health and the 
environment. 



 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Appendix P – Post-Closure Care Plan – Fort Bliss Municipal Solid 
Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014  

2-2 

 

2.1.3. Groundwater Monitoring 
Title 30 TAC §330.463(b)(1)(C) 

Ground-water monitoring requirements under Title 30 TAC §330.403 (relating to 
Ground-Water Monitoring Systems), §330.405 (relating to Groundwater Sampling and 
Analysis Requirements), §330.407 (relating to Detection Monitoring Program for Type I 
Landfills), and §330.409 (relating to Assessment Monitoring Program) were suspended 
by the executive director on May 22, 1996, since Fort Bliss demonstrated that there is no 
potential for migration of hazardous constituents from the MSWLF unit to the uppermost 
aquifer as defined in Title 30 TAC §330.3 (relating to Definitions) during the active life 
and the closure and post-closure care period of the unit.  A copy of the May 22, 1996 
letter is provided in Appendix F of the permit modification application. 

2.1.4. Gas Monitoring 
Title 30 TAC §330.463(b)(1)(D) 

Fort Bliss shall maintain and operate the gas monitoring system in accordance with the 
requirements listed in 30 TAC §330 Subchapter I and the current approved Landfill Gas 
Management Plan.  Existing gas monitoring wells will be extended to coordinate with the 
final cover system construction and, in limited locations, the existing gas monitoring 
wells will be abandoned and relocated to coordinate with final cover drainage features as 
further shown on the Permit Drawings (see Permit Application Appendix B).   

2.1.5. Electrical Resistivity Surveys 
Title 30 TAC §330.463(b)(1)(E) 

Fort Bliss is not subject to electrical resistivity surveys. 

2.1.6. Vegetation Establishment Monitoring 
A Vegetation Establishment Report shall be submitted semi-annually during the cover 
vegetation start-up period indicating the type and quantity of vegetation established, the 
percent vegetative cover, and the vegetative root structure.  If the type or quantity of 
vegetation or root structure does not meet specifications, then corrective action shall be 
taken to improve the vegetation consistent with the optimized ET final cover design in 
accordance with the Fort Bliss MSWLF Closure Plan. 
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2.1.7. Schedule 
Title 30 TAC §330.463(b)(3)(A) 

Post-closure activities required for the MSWLF are described below: 

Table 2-1 
Post-Closure Monitoring and Inspection Activities 

Items Inspection period Action Remark 

Erosion Quarterly and after any 
major storm 

Correct ----- 

Methane Quarterly Report to TCEQ Monitoring 

Leachate Annually Report to TCEQ Measuring 

Vegetation 
Establishment – As 
defined in the Closure 
Plan 

During establishment 
period: 
- Periodically during 

the initial month 
- Periodically during 

the first year 

Report to TCEQ Monitoring/Measuring 

 

2.1.8. Post Closure Care Period 
Title 30 TAC §330.463(b)(2) 

Following the professional engineer certification of the completion of closure as accepted 
by the executive director of the TCEQ Waste Permits Division, Fort Bliss DPW-ENV 
shall commence the 30-year post-closure care period.  The length of the Post-Closure 
Care maintenance period of the MSWLF may be decreased by the executive director if 
Fort Bliss submits to the executive director for review and approval a documented 
certification, signed by an independent registered professional engineer and including all 
applicable documentation necessary to support the certification that demonstrates that the 
reduced period is sufficient to protect human health and the environment. The post-
closure maintenance period may be increased by the executive director if it is determined 
that the lengthened period is necessary to protect human health and the environment.  If 
there is evidence of a release from the MSWLF, the executive director may require an 
investigation into the nature and extent to the release and an assessment of measures 
necessary to correct an impact to groundwater. 
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3. Post - Closure Cost Estimate 

Title 30 TAC §330.463(b)(3)(D) 

As an agency of the Federal Government, Fort Bliss is not required to complete financial 
assurance mechanism requirements. Therefore, a post-closure cost estimate is not 
required per Title 30 TAC §37.8001. 
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4. Completion of Post - Closure Care 

Title 30 TAC §330.465 

Following completion of the post-closure care maintenance period for the MSWLF, Fort 
Bliss will submit to the executive director for review and approval a documented 
certification, signed by an independent registered professional engineer verifying that 
post-closure care maintenance has been completed in accordance with the approved post-
closure care plan.  The submittal to the executive director shall include all applicable and 
supporting documentation necessary for the certification of completion of post-closure 
care maintenance. 

Upon completion of the post-closure care period for the MSWLF Fort Bliss shall also 
submit to the executive director a request for voluntary revocation of the facility permit. 

Title 30 TAC §330.463(b)(3)(C) 

Fort Bliss/Army is considering future development of the site for photovoltaic installation 
(PV Development).  The PV Development would consist of a series of photovoltaic solar 
panel arrays constructed across the landfill on top of the optimized ET cover system.  

If the Army decides to move forward with the PV Development and install the solar 
panel arrays on top of the closure landfill, the land use and development plans shall 
comply with the requirements set forth in Title 30 TAC Chapter 330, Subchapter T: Use 
of Land Over Closed Municipal Solid Waste Landfills. The procedures and protocols that 
will be followed to protect and maintain the integrity of the optimized ET cover system 
has been included as Appendix R – Post-Closure Use Report that was development to 
adhere to all the requirements of Subchapter T.   
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1. Introduction 

1.1. Background and Description of Proposed Use 
The Fort Bliss Municipal Solid Waste (MSW) Landfill is an approximately 106 acre 
facility consisting of several cells as follows: 

§ An active 10.6-acre Subtitle D Type I Cell; 

§ A closed 3-acre Non-Subtitle D Type I Cell (Texas Commission on 
Environmental Quality (TCEQ) closure approval received February 24, 1999); 

§ An Active 5-acre Non-Subtitle D Type IV C&D Cell; 

§ Approximately 83 acres of 1970’s era previously filled and operationally closed 
areas; and 

§ Approximately 7 acres designated for landfill roads, access areas and guard 
shack/scale house, etc. 

A potential post-closure use of the landfill for PhotoVoltaic (PV) development on the 
landfill cap system is planned.  The purpose of this report is to seek TCEQ approval of 
the future PV development as part of this permit modification application.  This report 
documents the design parameters for the future PV system, demonstrates that the landfill 
cap will not be disturbed during PV development, and demonstrates that the cap integrity 
will be maintained throughout the life of the PV project. 

The PV development will be performed at some point in the future after landfill closure, 
when it is determined to be an economically feasible project.  It has not yet been 
determined whether Fort Bliss will own the PV development or if Fort Bliss will lease the 
final cover surface for PV development by another entity.  It is understood that if a 
private entity is to own the PV development, that entity will be required to obtain a 
registration from the TCEQ.  
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2. Regulatory Requirements 

This report has been prepared in accordance with TAC 330 Subchapter T – Use of Land 
over Closed Municipal Solid Waste Landfills.  In preparation of this report, we have 
reviewed the regulations and have included data in support of the relevant requirements 
to facilitate the post closure use of PV development.  Specifically, we have provided data 
within the report that addresses the following regulatory requirements contained within 
the Subchapter T regulations: 

Section 330.954(c)(2) – Requirements for permit modification application and work plan.  
This section of the regulations requires a permit modification application for the closure 
plan and post closure care plan and a work plan including items listed in §330.960 (see 
below).   

§ Revisions to the Closure Plan are not required because the PV development will 
not require changes to the landfill cover system.  We do not propose and impacts 
to the final cover system or disturbance of the final cover as part of the PV 
development. 

§ Revisions to the Post Closure Care Plan are required to account for the PV 
development.  The Post Closure Care Plan presented in Appendix A of this 
document is the Post Closure Care Plan from Appendix P of the permit 
application revised to include the PV development. 

Section 330.954(e) - Authorization to disturb final cover for non-enclosed structures; and 

Section 330.960 – Contents of authorization request to disturb final cover over a closed 
municipal solid waste landfill for non-enclosed structures.  The contents required by this 
section of the regulations are provided in Section 3 of this report. 
 





 

    

 

U.S. Army Corps of Engineers, Fort Worth District 
Appendix R – Post Closure Use Report – Fort Bliss Municipal Solid 
Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014 

 
3-2 

 

3.1.1. Supporting Documentation 

3.2. Existing Conditions Summary 
In accordance with §330.957(c), the following land use, environmental, or special issues 
that affect the facility are as follows: 

Condition of the final cover – The final cover has not been constructed to date.  A permit 
modification has been submitted in conjunction with this Post-Closure Use Report that 
seeks the approval of a monolithic ET final cover system.  This final cover system is 
anticipated to be constructed and the landfill will be in the post-closure care period prior 
to the implementation of any use of the closed MSW landfill. 

Waste Characterization – The waste materials consist of both MSW and C&D materials 
that were disposed of in various areas of the landfill.  A description of the each cell and 
the waste placed in the cells has been previously included in the permit modification 
application. 

Gas Production – The potential for gas production at the site has been investigated and is 
assumed to be low as evidenced by 1) the lack of organic waste in the majority of the 
landfill areas and 2) the arid conditions at the landfill which do not provide moisture to 
enhance the decomposition of the waste.  The monolithic ET cover system will allow for 
the passive ventilation of landfill gas through the cap system.  The proposed PV 
development does not include the construction of occupied structures on the final 
cover system or the development of any structure that would allow for the 
accumulation of landfill gas.  The PV panels and combiner boxes will have low and 
medium voltage power contained within them.  These systems will be designed in a 
manner to reduce the potential for landfill gas conveyance or accumulation, thereby 
reducing the risk of a hazardous atmosphere being developed.  All voltage containing 
systems will be secured within the fenced landfill or support area to allow access only to 
authorized personnel. 

Potential Environmental Impacts – There are no identified environmental impacts as a 
result of the proposed PV development.  The PV development will not disturb the final 
cover.  As a result, no impacts are anticipated from the PV development.  The existing 
landfill facility currently has no known impacts to the environment. 

3.3. Proposed Project Description 
The proposed PV system will generally consist of PV panels that are ground mounted on 
a non-penetrating, self-ballasting rack system and supporting infrastructure.  The PV 
development will be constructed in a series of phased developments.  The conceptual 
layout shown in Appendix B supports an estimated 10 Megawatt (MW) system.  It is 
assumed the initial phase will be a minimum of 1 MW and subsequent phases will be 
developed up to the potential maximum development of 10 MW.  The PV system will 
include development on the landfill cover, as well as development of a PV system 
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support area on land adjacent to the landfill.  The development on the landfill final cover 
will be limited to that of PV panels, combiner boxes and necessary wiring to connect to 
inverter stations and the power grid off of the final cover.   

The PV system development will include installation of the following components:  

PV panels mounted on non-penetrating, self-ballasting racking systems bearing directly 
on the ground (top of final cover) or on pre-cast or cast-in-place concrete ballast (that 
bear on the top of the final cover).  The intent is that the rack system will not penetrate 
the existing final cover system.  Several examples of the non-penetrating racks are 
included in Appendix C; 

Necessary combiner boxes mounted on surface installed concrete pads that bear on the 
top of the final cover; 

Surface mounted conduit and/or cable trays that will all be located on top of the final 
cover system.  These systems will be designed to be installed on top of the final cover 
with no excavation of the final cover system.  Access over these conduits and trenches 
will be achieved in a manner where additional fill is placed over the conduits and/or cable 
trays to allow for required vehicular access for maintenance vehicles; 

A PV system support area, established off the landfill cap system in an area outside of the 
landfill permitted limits and buffer area.  The PV support area will contain the inverter 
stations, a maintenance/support structure, a potential weather station, telemetry systems 
for remote PV system monitoring and control and a substation for interconnection to the 
utility.  This PV support area is anticipated to be installed within a fenced area to protect 
the system from vandalism and to provide restricted access to high voltage equipment. 

The landfill perimeter fence required by MSW regulations for site security and access 
control will also serve for the security and access control to the PV panels and systems 
located on the landfill final cover. 

3.4. Construction/Investigation Process 
3.4.1. Proposed Work Schedule for PV System Development  
PV development will not start until the post-closure period of the MSW landfill has 
begun.  The PV development will not be performed until the project is determined to be 
economically feasible.  It is anticipated that, at a minimum, the initial phase of PV 
development will not occur until a year or two after the completion of the landfill closure 
construction.  Additional PV development may occur over the period of 2 to 10 years 
after the completion of the landfill closure construction.   The anticipated life of the PV 
system is estimated to be 20 to 25-years, after which extensive system refurbishment 
would be required.  Based on this assumption, it is likely the PV system will be still be in 
place following the 30-year post-closure period and permit revocation.   
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3.4.2. Investigation and Construction/Maintenance Considerations 
Since the PV development will not disturb the final cover system and the final cover 
system will have been recently constructed, it is assumed that no investigation will be 
required to define the final cover prior to the PV development.  The PV development 
construction and maintenance will be coordinated to maintain the integrity of the final 
cover.  To ensure maintenance of final cover integrity: 

The final cover will not be disturbed or excavated as part of the PV development or 
maintenance of the system. 

Wind and water erosion are typical to soil cap systems.  The permit modification has 
addressed the potential for wind and water erosion on the final cover system.  The 
addition of the PV panels to the final cover is not anticipated to increase the potential for 
erosion.   

Cover maintenance required as a result of wind and/or water erosion will be performed 
around the PV system.  If extensive damage to the cover has occurred, removal of PV 
panels/rack systems, etc. to access the areas for repairs may be required.   

The PV development will be designed so that it will not affect the potential for overall 
cover system erosion. 

- Water erosion.  The PV panels will not adversely increase the concentration of 
runoff to the cover system that would thereby contribute to erosion.  Each panel 
may be installed so that the panel area is discharged to the cover surface, rather 
than having a series of panels drain to one edge of the array which would 
concentrate the runoff to a specific area.    It is anticipated that the resulting runoff 
from the panels  will percolate into the cover and/or runoff in a similar fashion as 
the exposed final cover prior to PV development.  In the event of erosion from 
water and/or wind, the maintenance of the final cover system will be similar to the 
maintenance proposed as part of the final cover post-closure care plan.  Any cap 
erosions identified will be promptly fixed to maintain the final cover integrity. 

- Wind Erosion.  To account for the possibility that the landfill after closure may be 
utilized for PV generation via solar panels, a comparative analysis of the expected 
soil erosion from wind was prepared for both cases (i.e., with and without PV 
land use).  Soil erosion (i.e. soil loss) due to wind was estimated utilizing the 
Wind Erosion Equation (WEQ) and is included in Appendix D.  The analysis 
compared the expected wind erosion for the landfill cover at closure with the 
expected wind erosion for the landfill cover at closure with PV land use in place. 
As shown by the calculations included in Appendix D, the soil loss due to wind is 
actually reduced by the application of the PV land use due to the reduced wind 
speeds caused by the solar panels working as wind breaks across the landfill 
cover, among other factors. The WEQ uses factors that represent the soil 
erodibility, ridge roughness factor, climatic factor, equivalent unsheltered distance 
across the field along the prevailing wind direction, and equivalent soil cover to 
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compute soil loss and erosion.  It is assumed at this time that the panel tilt will be 
optimized for peak output during the periods of highest base demand charges 
which is May to September noon to 6 PM.  To maximum the output during this 
period will result in a flatter tilt on the panels (likely 5 to 15 degrees) which will 
also reduce the wind loading from the panels.   

Access ways will be provided between panel arrays to allow for construction and 
maintenance related access.  Crossing of conduits, wire chase, and/or cable trays will be 
performed by building up a permeable material at these locations. 

The anticipated maintenance will consist of periodic inspections of the system to look for 
deterioration or in response to component failure.  In addition, it is anticipated that 
periodic cleaning of the PV panels to remove dust and other fouling of the panels will be 
performed to maximize the panel output.  It is currently anticipated that panel cleaning 
would occur once per year.   

The proposed Photovoltaic (PV) system will add additional load to the cover and the soil 
beneath. The load was estimated at 1.5 psi (210 psf). The additional settlement due to the 
load of PV system was estimated at less than 2 inches. This amount of settlement will not 
cause negative disruption to the cap such as ponding of storm water runoff. 

3.4.3. Construction Safety 
The following assumptions have been made regarding safety issues during construction 
and maintenance associated with the PV development at the final cover system: 

No excavation of the final cover system will occur.  As a result, no exposure to waste or 
leachate is anticipated. 

No PV development will occur within the area of the existing leachate evaporation pond.  
As a result no contact with leachate is anticipated. 

The monolithic ET cap will passively vent the minimal landfill gas that is expected to be 
generated.  As a result it is suggested that personnel during the PV development and 
maintenance utilize a personnel monitor that will monitor the workers breathing zone for 
the presence of hydrogen sulfide, methane and an explosive atmosphere.  It is not 
anticipated that the passive venting of the cover system to the atmosphere will result in 
the accumulation of landfill gas in the breathing zone of the workers.  However, the 
monitoring will provide the means to verify and respond to any potential exposure or 
potential for an explosive atmosphere given the PV system would provide a potential 
source of ignition of methane between the lower and higher explosive limits. 

Since the final cover will not be disturbed, storm water will not contact waste and, as a 
result, no monitoring or management of water is required as a result of contact with 
waste. 
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3.5. Water and/or Methane Monitoring and Excavated Material 
Disposal 

Given the non–intrusive activities associated with the PV development on the final cover, 
it is assumed that the PV development activities will not result in contact with any 
contaminated water, landfill gas or waste materials and no excavated material will be 
generated during construction that will require disposal. 

3.6. Maps and Drawings, Site Drawing, and General Location 
Maps 

Refer to Appendix B which contains the drawings and details of the conceptual PV 
development. 

3.7. Engineering Plans 
The conceptual engineering plans are contained in Appendix B as previously noted.  
Final PV system development design drawings will be submitted for TCEQ review and 
approval as part of the PV development. 
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1. Introduction 

This Post–Closure Care Plan has been prepared to provide general guidance for Fort Bliss 
in meeting the Texas Commission on Environmental Quality (TCEQ) rules listed in Title 
30 of the Texas Administrative Code Chapter 330 Rule 463 (Title 30 TAC §330.463) in 
reference to the post-closure care maintenance requirements for Municipal Solid Waste 
Landfill (MSWLF) units. A copy of this Post-Closure Care Plan will be maintained in the 
operating record. 
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2. Maintenance and Monitoring 

2.1. Post-Closure Care 
Title 30 TAC §330.463(b)(1) 

After professional engineer certification of the completion of closure requirements for the 
MSWLF is accepted by the executive director, Fort Bliss shall begin conducting post-
closure care maintenance for 30 years unless the executive director specifies otherwise.  
Post closure care shall consist, at a minimum, of the following: 

2.1.1. General Maintenance 

Title 30 TAC §330.463(b)(1)(A) 

Fort Bliss (the owner) or operator shall retain the right of entry to the closed unit or 
facility and shall maintain all rights-of-way and conduct maintenance and/or remediation 
activities as needed, in order to maintain the integrity and effectiveness of all final cover 
and drainage control system(s); to correct any effects of settlement, subsidence, ponded 
water, erosion, or other events or failures detrimental to the integrity of the closed unit or 
facility; and to prevent surface run-on and run-off from eroding or otherwise damaging 
the final cover system. 

Fort Bliss is considering the installation of a photovoltaic system (PV Development) on 
top of the landfill final cover system.  The PV Development is anticipated to commence 
at some point after the closure is completed while the facility is in the post-closure care 
period.  It is expected, given the anticipated life of a PV system, the PV Development 
would be operated throughout the remaining 30-year post-closure period and may likely 
continue past the 30-year period and revocation of the facility permit. 

Should PV development come to fulfillment over the closed landfill, then the post-
closure care outlined herein would be maintained throughout the life of the PV 
Development to ensure the integrity of the landfill is maintained. 

The PV Development proposed will not disturb the final cover system.  All PV panels, 
combiner units and conduit/wiring will be installed on top of the existing final cover 
system.  The wire systems are proposed to be installed on wire trays that would utilize 
UV stabilized wire jacketing and be installed in a manner that complies with National 
Electrical Code (NEC) Standards to minimize maintenance.  The following maintenance 
and care will be followed during the post-closure care period to ensure the final cover 
system integrity is not adversely impacted by the PV Development and operations.   
Maintenance activities include but are not limited to the following:  
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 Tilled soil windrows will be created at right angles to the prevailing wind 
direction for the site.   These windrows will be parallel to the slope of the cover to 
facilitate drainage but still provide a wind buffer minimizing wind erosion. 

 At a minimum the solar array (panel installation) will be inspected semi-annually 
and any areas of soil erosion and/or loss will be address by re-grading to soil 
surface and/or the adding more SC or SM soils.  

 The panels will be at a minimum tilt to optimize the generation of power during 
the summer months.  In addition the rack structures used to support the panels, 
allow for the panel installation to occur above the ground surface by several feet 
thus preventing the creation of an enclosure structure over the landfill. 

As mentioned, routine maintenance and inspection of the PV system will occur 
throughout the operational life of the PV Development.  These maintenance activities 
will provide ample opportunity for inspection, identification and repair of cover 
maintenance issues in addition to the routine PV system maintenance being completed.  It 
is anticipated that cover maintenance will be performed around the PV development as 
required to maintain the cover system integrity.  An exception to this assumption would 
be in the event of erosion damage that underlies a component of the PV system.   In this 
event, this may require the temporary dismantling of the PV system, repair of the cover 
system and re-installation of the PV equipment.  If erosion issues become an issue under 
the PV panels, then other measures may be employed such as the installation of an 
erosion control blanket to minimize the erosion. 

2.1.2. Leachate Collection System Monitoring 

Title 30 TAC §330.463(b)(1)(B) 

Fort Bliss shall maintain and operate the leachate collection system (LCS) in accordance 
with the requirements listed in Title 30 TAC §330.331 and §330.333 (relating to Design 
Criteria and Leachate Collection System, respectively). 

Leachate shall be measured at least once a year by a scaled dip stick into the on-site 
vertical leachate monitoring pipe.  The watermark on the stick measures the depth of 
leachate that collected on the liner.  If the leachate is more than 12 inches (30 
centimeters) deep in the landfill, it will be pumped out through the leachate transfer pipe 
and spread on the Subtitle D cell for evaporation. 

The leachate measurement shall be kept in the site operating record.  These 
measurements shall also be reported to the TCEQ. The executive director may allow Fort 
Bliss to stop managing leachate if Fort Bliss demonstrates to the approval of the 
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executive director that leachate no longer poses a threat to human health and the 
environment. 

2.1.3. Groundwater Monitoring 

Title 30 TAC §330.463(b)(1)(C) 

Ground-water monitoring requirements under Title 30 TAC §330.403 (relating to 
Ground-Water Monitoring Systems), §330.405 (relating to Groundwater Sampling and 
Analysis Requirements), §330.407 (relating to Detection Monitoring Program for Type I 
Landfills), and §330.409 (relating to Assessment Monitoring Program) were suspended 
by the executive director on May 22, 1996, since Fort Bliss demonstrated that there is no 
potential for migration of hazardous constituents from the MSWLF unit to the uppermost 
aquifer as defined in Title 30 TAC §330.3 (relating to Definitions) during the active life 
and the closure and post-closure care period of the unit.  A copy of the May 22, 1996 
letter is provided in Appendix F of the permit modification application. 

2.1.4. Gas Monitoring 

Title 30 TAC §330.463(b)(1)(D) 

Fort Bliss shall maintain and operate the gas monitoring system in accordance with the 
requirements listed in 30 TAC §330 Subchapter I and the current approved Landfill Gas 
Management Plan. 

2.1.5. Electrical Resistivity Surveys 

Title 30 TAC §330.463(b)(1)(E) 

Fort Bliss is not subject to electrical resistivity surveys. 

2.1.6. Vegetation Establishment Monitoring 

A Vegetation Establishment Report shall be submitted semi-annually during the cover 
vegetation start-up period indicating the type and quantity of vegetation established, the 
percent vegetative cover, and the vegetative root structure.  If the type or quantity of 
vegetation or root structure does not meet specifications, then corrective action shall be 
taken to improve the vegetation consistent with the optimized ET final cover design in 
accordance with the Fort Bliss MSWLF Closure Plan. 

2.1.7. Schedule 

Title 30 TAC §330.463(b)(3)(A) 

Post-closure activities required for the MSWLF are described below: 
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Table 2-1 
Post-Closure Monitoring and Inspection Activities 

Items Inspection period Action Remark 

Erosion Quarterly and after any major 
storm 

Correct ----- 

Methane Quarterly Report to TCEQ Monitoring 

Leachate Annually Report to TCEQ Measuring 

Vegetation 
Establishment - As 

defined in the Closure 
Plan 

During establishment period: 
- Periodically during the 

initial month 
- Periodically during the first 

year 
 

Report to TCEQ Monitoring/Measuring 

 

2.1.8. Post Closure Care Period 

Title 30 TAC §330.463(b)(2) 

Following the professional engineer certification of the completion of closure as accepted 
by the executive director of the TCEQ Waste Permits Division, Fort Bliss DPW-ENV 
shall commence the 30-year post-closure care period.  The length of the Post-Closure 
Care maintenance period of the MSWLF may be decreased by the executive director if 
Fort Bliss submits to the executive director for review and approval a documented 
certification, signed by an independent registered professional engineer and including all 
applicable documentation necessary to support the certification that demonstrates that the 
reduced period is sufficient to protect human health and the environment. The post-
closure maintenance period may be increased by the executive director if it is determined 
that the lengthened period is necessary to protect human health and the environment.  If 
there is evidence of a release from the MSWLF, the executive director may require an 
investigation into the nature and extent to the release and an assessment of measures 
necessary to correct an impact to groundwater. 
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3. Post - Closure Cost Estimate 

Title 30 TAC §330.463(b)(3)(D) 

As an agency of the Federal Government, Fort Bliss is not required to complete financial 
assurance mechanism requirements. Therefore, a post-closure cost estimate is not 
required per Title 30 TAC §37.8001. 

 



 

U.S. Army Corps of Engineers, Fort Worth District 
Appendix R – Post-Closure Care Plan – Fort Bliss Municipal Solid 
Waste Landfill 
Permit Modification Application – Permit No. 1422 
July 31, 2014  

4-1 

 
 

4. Completion of Post - Closure Care 

Title 30 TAC §330.465 

Following completion of the post-closure care maintenance period for the MSWLF, Fort 
Bliss will submit to the executive director for review and approval a documented 
certification, signed by an independent registered professional engineer verifying that 
post-closure care maintenance has been completed in accordance with the approved post-
closure care plan.  The submittal to the executive director shall include all applicable and 
supporting documentation necessary for the certification of completion of post-closure 
care maintenance. 

Upon completion of the post-closure care period for the MSWLF Fort Bliss shall also 
submit to the executive director a request for voluntary revocation of the facility permit. 

Title 30 TAC §330.463(b)(3)(C) 

Fort Bliss is considering future development of the site as a photovoltaic installation (PV 
Development).  The PV Development would consist of a series of photovoltaic solar 
panel arrays constructed across the landfill on top of the optimized ET cover system.  

All land use and development plans shall comply with the requirements set forth in Title 
30 TAC Chapter 330, Subchapter T: Use of Land Over Closed Municipal Solid Waste 
Landfills.  A Post-Closure Use Report presenting further information concerning 
potential future use of the landfill for the PV Development is presented in Appendix R of 
the permit modification application.  This Post-Closure Care Plan has been edited to 
provide post-closure care requirements associated with the PV development that will also 
maintain the integrity of the monolithic ET cover system throughout the active Post-
Closure End Use period.  In the event the 30-year post closure period expires and the 
permit is revoked, it is anticipated that this plan will be complied with throughout the 
duration of the PV development period and until which time the PV system is removed 
from the landfill facility.  
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Appendix C 
PV Racking System Data 



GC Paver Rail Ballasted Ground System  

GC Paver Rail Ballasted Ground System 
Ground system that utilizes standard pavers and a minimal component count; simple design allows for rapid installation 

Features: 
Standard inexpensive 74 pound pavers stack on ballast trays 
Large ballast footprint reduces landfill cap loading 
Fast top down panel attachment to aluminum rails  
Integrated wire management tray on robust rails 
Tilt adjustability when mounting tubes to pans to accommodate uneven ground 
5 to 35° tilt with multiple inter-row spacing options  
Integrated grounding with module grounding strips included - approved by ETL to UL 467 
Full layout and engineering analysis for every project 
No machinery required for installation 
Just place ballast trays with rail supports, bolt on rails, place pavers and mount panels 
Made in the U.S.A. 
Installation: 
Fast installation with minimum components count and simple design 
Five men install 180 panels, racks and pavers per day: 900 per week 
Three inch vertical adjustability when mounting rails onto tubes 
Turnkey installation available 
Testing & Certifications:  
Wind tunnel tested and rated for 120mph wind speed 
Unique design innovations with patents pending 
ETL/UL 2703 testing in process 
ETL/UL 467 GameChange grounding strips or teeth panel mounting clamps included   
Meets IBC and ASME standards for structural loading 
Warranty 20 years - simply the best in the industry 
Pricing: 
Volume purchases start from $.199/watt, $.229/watt including ballast 

Material:    
Tray, Tube, Tube Clamp, Tray Plate, Cross Brace Mounting Plate, Cross Brace: G90 galvanized steel 
Panel Mounting Rails: 6063T6 aluminum  
Grounding Strip, Stiffening Strip: 304 stainless steel 
U Bolts, 3/8 inch diameter: hot dip galvanized or Magnacoat  
Nuts, Washer, Lock Washers 3/8 inch: hot dip galvanized or Magnacoat serrated flange nuts 
Plate mounting hardware: 
Panel mounting clips: 5052 aluminum or stainless steel teethed clips 
¼-20 x 2.5” T bolts, ¼ -20 serrated flange nuts: stainless steel of Magnacoat 
Calculations:  
100% code compliant designs for any locality 
Third-party structural PE, stamped drawings and calculations 
Individual system structural calculations 
Individual system design calculations based on regional load values 
Design loads according to IBC 2006 or 2009 
Patent pending profile geometries with optimum material utilization 
Grounding: 
Racking system has integrated grounding utilizing provided grounding strips or teethed clips to end 
of each row 
Grounding must be done by electrician at row ends 

System Information 

Technical Data 

Standard pavers placed on tray   

Integrated wire management tray on robust aluminum 
rails  

Aluminum rails mount quickly   

Panels attach quickly and easily which drastically  
reduces labor costs  

Panels rapidly mount using T-bolts into slots      



GC Pour-in-PlaceTM Ballasted Ground System  

Features:  
Self-leveling technology: 68% faster install than precast 

Large ballast footprint reduces landfill cap loading 

Leave-behind patent-pending recycled HMWPE plastic Pour-in-Place™ forms 

Available in both 1 and 2 panels up portrait 

Substantial labor savings by eliminating moving and shimming heavy, precast blocks 

Just place Pour-in-Place™ forms, place rail supports, bolt on rails, pour concrete and mount panels 

Panels rapidly mount using T-bolts in slots and top mount clamps  

Integrated wire management tray on robust aluminum rails   

5 to 35° tilt with multiple inter-row spacing options 

Integrated grounding with module grounding strips included - approved by ETL to UL 467 

Full layout and engineering analysis for every project 

51% overall lower cost than competitors 

Made in the U.S.A. 

Installation:  
Fastest install of any ballasted ground system, period 

68% faster install than precast systems 

Five men install 200 panels and racks per day: 1,000 per week 

Self-leveling technology enables 7" total vertical adjustability 

Five slots enables additional 3" vertical adjustability 

Rapid install using concrete truck to fill Pour-in-Place™ forms around supports, or for weight sensitive 

landfill caps or narrow row spacing using pump or tracked skid bobcats with gravity feed buckets 

Turnkey installation available 

Testing & Certifications: 
Wind tunnel tested and rated for 150mph wind speed 

ETL/UL 2703 tested 

ETL/UL 467 GameChange grounding strips or teeth panel mounting clamps included  

Unique design innovations with patents pending 

Meets IBC and ASME standards for structural loading 

Warranty 20 years - simply the best in the industry 

Pricing: 
Starts $.129/w for panel racks, $.199/w for complete system including ballast 

Material:    

Rail support structure components: G90 galvanized steel  

Panel mounting rails: 6063T6 aluminum 

Recycled HMWPE forms 

Grounding Strips, Stiffening Strips: 304 stainless steel 

Nuts, washer, lock washers 3/8 inch: hot dip galvanized or Magnacoat bolts and flange nuts 

Panel mounting hardware: 

Panel mounting clips: aluminum or stainless steel teethed clips 

¼ - 20 x 2.5” T bolts, stainless steel ¼ - 20 serrated flange nuts: stainless steel  

Use freeze thaw rated concrete where applicable 

Calculations: 
100% code compliant designs for any locality 

Third-party structural PE, stamped drawings and calculations 

Individual system structural calculations 

Individual system design calculations based on regional load values 

Design loads according to IBC 2006 or 2009 

Grounding: 
Racking system has integrated grounding utilizing provided grounding strips or teethed clips to end 

of each row 

Grounding must be done by electrician at row ends 

System Information 

Technical Data 

Place racking supports into Pour-in-PlaceTM forms  

Integrated wire management tray on robust aluminum 

rails   

Aluminum rails simply bolt onto supports, enable 7" 

vertical adjustability 

Panels rapidly mount using T-bolts in slots and top 

mount clamps  

Pouring bucket on bobcat for concrete pouring on 

sensitive landfill caps or for small inter-row spacing 

GC Pour-in-PlaceTM Ballasted Ground System 

Ground system suitable for landfill and brownfields which utilizes self-leveling recycled plastic forms, drastically reducing install time 



Smart Non-Penetrating Solution 
Panda Bear® ground mount system is an eco-friendly, ballasted mounting solution ideal 

for landfills and installations where the ground cannot be penetrated. Its streamlined 

design features just three major components and significant factory pre-assembly-- 

innovations that turn construction projects into simple installations.

Panda Bear  
Ballasted Ground Mount Solution

panelclaw.com

3 COMPONENTS | 2 NUTS + BOLTS 

• Low, evenly distributed platform loads
• No piles or drilling required
• Adjustable posts to accommodate           

ground undulations
• Allows free water flow and natural drainage

Suits Challenging Ground Applications



Overcome Land Constraints
The Panda Bear ballasted design allows 
for solar installation on poor soil 
conditions. The Supports are equipped 
with features to address uneven terrain 
and ground undulations, including an 
adjustable post to address variations 
in surface height and a ballast tray that 
automatically conforms to the ground 
slope. The system’s modular design 
allows for easy array layout adjustments 
and ability to fit into odd shaped areas 
of land. These features give installers 
extensive in-field options, further 
boosting installation speed and overall 
project efficiency.
 

Panda Bear 
Ballasted Ground Mount Solution

Three Components
Support 
• Ballast pan, post, and bracket pre-
   assembled
• Adjustable posts and pivoting ballast pan
   accommodates uneven terrain
• Pre-installed PEM® studs for easy cross
   brace attachment
• Available in aluminum or G90 steel

Cross Brace
• Factory pre-assembled to speed
   installation
• Chamfered edges and light-weight
   construction facilitate easy handling  
   and safe installation
• Slotted mounting holes to accommodate
   uneven terrain

Claw 
• Factory-installed stainless steel screw to  
 attach Claw to Module 
• UL 2703 certified for electric bonding
   and grounding

Specifications

Application 
Landfill, brownfields, 
open fields

Installation Speed 
140-180 modules per 
day (4 person crew)

Module Tilt Angle 
10, 20, 30 degrees

Module Orientation 
Landscape

Basic Wind Speed 
Up to 120 MPH  
(193 km/h)

Wind Exposure 
Category  
B and C                         
(D upon request)

Array Platform Load 
7 -  12 PSF (racking, 
ballast, and modules)

Standard Warranty 
10 years

Printed on recycled paper

Support

Cross Brace

Claw

© 2013 PanelClaw, Inc.

3 COMPONENTS | 2 NUTS + BOLTS

Made in USA

For Product and Sales Information:
978.688.4900
sales@panelclaw.com
www.panelclaw.com
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Fort Bliss Closure Design
Wind Erosion Investigation

Prepared by : BMC Date: 6/27/2014

 Wind Erosion Equation (WEQ)

E = f(I',K',C',L',V') where E is the soil loss rate (in tons/acre/year)

I' - soil erodibility index

K' - soil ridge roughness factor

C' - climatic factor

L' - field length along prevailing wind direction

V' - quality of vegetative cover

We will investigate soil loss due to wind erosion on the southern slope of Cell 5 for two cases:

Case 1: Top of Landfill Cover without solar panels.
Case 2: Top of Landfill Cover with solar panels present.

 Case 1: Top of Landfill Cover without solar panels.

I' = 86 tons/acre for slopes greater than 500 ft or slope gradient is less than 3%; this value is
based off of Table 1 of "A Wind Erosion Equation" attached at the end of this calculation. The soil
used is assumed to have 25% of dry soil factions largers than 0.84 mm.

K' = 1.0, roughness is assumed to be low based on the uniform finished surface

C' = 90 for El Paso, TX;

L' is the unsheltered distance along the prevailing wind direction; for this calculation, the
prevaling wind direction is assumed to be in the direction of the slope. Therefore, L' will be
equivalent to the length of the slope - approx. 600 feet. The value for L' was measured from
Sheet P-2.

V' = is assumed to be 0 because there is no vegetation

 Summary:

I' = 86 tons/acre (2% slope)
K' = 1.0
C' = 90
L' = 590 feet
V' = 0

Use the National Agronomy Manual (NAM), 3rd Edition, Subpart G, E-tables to determine the
soil loss.

E = 61.0 tons/acre/year



Fort Bliss Closure Design
Wind Erosion Investigation

Prepared by : BMC Date: 6/27/2014

 Case 2: Top of Landfill Cover with solar panels present.

I' = 86 tons/acre for slopes greater than 500 ft or slope gradient is less than 3%; this value is
based off of Table 1 of "A Wind Erosion Equation" attached at the end of this calculation. The soil
used is assumed to have 25% of dry soil factions largers than 0.84 mm.

K' = 1.0, roughness is assumed to be low based on the uniform finished surface

C' = 90 for El Paso, TX;

L' is the unsheltered distance along the prevailing wind direction; for this calculation, the
prevaling wind direction is assumed to be in the direction of the slope. The 5' tall Photo-Voltaic
cells effectively act as a wind break. According to the NAM, Paragraph 502.34, item 3, when a
barrier is present it will provide a sheltered distance at 10 times the barrier height along the
prevailing wind direction. The effective L' is reduced to 125' on the lower southwest corner
(circled on Sheet P-2).

V' = is assumed to be 0 because there is no vegetation

 Summary:

I' = 86 tons/acre (2% slope)
K' = 1.0
C' = 90
I' = 125 feet
V' = 0

Use the National Agronomy Manual, 3rd Edition, Subpart G, E-tables to determine the soil loss.

E = 37.0 tons/acre/year



A Wind Erosion Equation1 

N. P. WOODRUFF AND F. H. SIDDOWAY~ 

ABSTRACT 

The amount of erosion, E, expressed in tons per acre per 
annum, that will occur from a given agricultural field can be 
expressed in terms of equivalent variables as: E = f(I', Kt, 
C', L', V) where I' is a soil erodibility index, K' is a soil ridge 
rougness factor, C' is a climatic factor, I.' is field length along 
the prevailing wind erosion direction, and V is equivalent 
quantity of vegetative cover. The 5 equivalent variables are 
obtained by grouping some and converting others of the 11 
primary variables now known to govern wind erodibility. Rela- 
tions among variables are extremely complex. Charts and tables 
have been developed to permit graphical solutions of the equa- 
tion. The equation is designed to serve the twofold purpose 
of providing a tool to (i) determine the potential erosion from 
a particular field, and (ii) determine what field conditions of 
soil cloddiness, roughness, vegetative cover, sheltering by bar- 
riers, or  width and orientation of field are necessary to reduce 
potential erosion to a tolerable amount. Examples of these 
applications of the equation are presented. Weaknesses in the 
equation and areas needing further research are discussed. 

T HE WIND EROSION EQUATION was developed by the 
late Dr. W. S. Chepil. It is the result of nearly 30 

years of research to determine the primary variables or 
factors that influence erosion of soil by wind. 

The first wind erosion equation was a simple exponen- 
tial expressing the amount of soil loss in a wind tunnel 
as a function of per cent soil cloddiness, amount of surface 
residue, and degree of surface roughness. The equation has 
been modified continually as new research data became 
available and now is a complex equation indicating the 
relation between potential soil loss from a field and some 
11 individual primary field and climatic variables. 

The equation is designed to serve the twofold purpose 
of determining (i) if a particular field is adequately pro- 
tected from wind erosion, and (ii) the different field 
conditions of cloddiness, roughness, vegetative cover, shel- 
tering from wind barriers, or width and orientation of 
field required to reduce potential soil loss to a tolerable 
amount under different climates. 

This paper discusses the present status of the equation, 
points out some applications and uses of the equation, and 
indicates some weaknesses and areas needing further 
research. 

PRIMARY WIND EROSION VARIABLES 

The wind erodibility of land surfaces is governed by 
11 primary variables. A brief description of each follows. 

Soil Erodibility Index, I, and Knoll Erodibility, I, 
Soil erodibility, I, is the potential soil loss in tons per 

acre per annum from a wide, unsheltered, isolated field 

' Contribution from the Soil and Water Conservation Research 
Division, AR'S, USDA, and the Kansas Agr. Exp. Sta., Depart- 
ment of Agronomy Contribution no. 897. Received Jan. 6, 1965. 
Approved Mar. 30, 1965. 

a Agricultural Engineer, USDA, Manhattan, Kan., and Soil Sci- 
entist, USDA, Sidney, Mont., respectively. 

with a bare, smooth, noncursted surface. It has been devel- 
oped from wind tunnel and field measures of erodibility 
and is based on climatic conditions for the vicinity of Gar- 
den City, Kans., during 1954-56 (4, 7, 8, 9, l o ) .  It is 
related to soil cloddiness and its value increases as the per- 
centage of soil fractions greater than 0.84 mm in diameter 
decreases. It can be determined by standard dry sieving 
procedure and use of Table 1. 

Knoll erodibility, I,, is a factor needed to compute erodi- 
bility for windward slopes less than about 500 feet long. 
It varies with slope and is expressed in terms of per cent 
slope, Fig. 1. The erosion rate for windward slopes longer 
than 500 feet is about the same as from level land; there- 
fore, I, is taken as 100% for this situation ( ,  14). 

Surface Crust Stability, F, 
The mechanical stability of the surface crust, F,, if a 

crust is present, is of little consequence because it disinte- 
grates readily due to abrasion after wind erosion has started. 

Table 1-Soil erodibility I for soils with different percentages 
of nonerodible fractions as determined 

by standard dry sieving* 

Percentage Units 

ofdrysoil 0 1 2  3 4 5 6  7 8 9 fractions 

tens tons/acre 

- 

* For a fully crusted soil surface, regardless of soil texture, the erodibility I is, on 
the average, about l i 6  gf that shown. 

Fig. 1-Potential soil loss from knolls, expressed as 
of that on level ground: (a) from top of knoll, ( E y f z  
that portion of windward slope where drag velocity and wind 
drag are the same as on top of knoll (from about the upper 
third of the slope). 

bcurole
Rectangle



 

FI
N

A
L 

C
O

V
E

R
 S

Y
S

TE
M

S
O

LA
R

 P
A

N
E

L 
LA

Y
O

U
T 

II

P-2
3 5

TA
M

TT
TA

M

S
U

B
M

IT
TE

D
 B

Y

04
67

50
26

-P
V

-P
02

S
O

LI
C

IT
A

TI
O

N
 N

O
.:

FI
LE

 N
A

M
E

:

D
W

N
 B

Y
:

C
K

D
 B

Y
:

D
E

S
IG

N
E

D
 B

Y
:

D
E

S
C

R
IP

TI
O

N
M

A
R

K

D
A

TE
:

FI
LE

 N
U

M
B

E
R

:

S
IZ

E
:

S
U

B
M

IT
TE

D
 B

Y
:

P
LO

T 
S

C
A

LE
:

P
LO

T 
D

A
TE

:

C
O

N
TR

A
C

T 
N

O
.:

SHEET
IDENTIFICATION

SHEET             OF  

®
US Army Corps
of Engineers

FO
R

T 
B

LI
S

S
 M

U
N

IC
IP

LE
 S

O
LI

D
 W

A
S

TE
 L

A
N

D
FI

LL
P

E
R

M
IT

 M
O

D
IF

IC
A

TI
O

N
 A

P
P

LI
C

A
TI

O
N

 A
P

P
E

N
D

IX
 R

-

29
29

 B
R

IA
R

P
A

R
K

 D
R

IV
E

, S
U

IT
E

 3
00

H
O

U
S

TO
N

, T
E

X
A

S
 7

70
42

JU
LY

 2
01

4

6/
23

/2
01

4

1

D

2 3

C

4 5

A

B

P
R

E
LI

M
IN

A
R

Y
 R

E
V

IE
W

A

P
V

 D
E

V
E

LO
P

M
E

N
T 

O
V

E
R

 M
O

N
O

LI
TH

IC
E

V
A

P
O

-T
R

A
N

S
IP

IR
A

TI
O

N
 (E

T)
 A

LT
E

R
N

A
TI

V
E

 C
O

V
E

R
 S

Y
S

TE
M

S
O

LI
C

IT
A

TI
O

N
 N

O
:

C
O

N
TR

A
C

T 
N

O
:

FI
LE

 N
U

M
B

E
R

:

A
N

S
I D

E
D

 Q
U

IR
O

Z 
P

.E
. #

 8
55

59
LI

C
E

N
S

C
 N

o.
 F

-5
33

TX
. E

N
G

IN
E

E
R

IN
G

A
R

C
A

D
IS

 U
S

, I
N

C
.

bcurole
Distance Measurement
174.98   �

bcurole
Oval



 SUBPART G - EXHIBITS 
 

502.60(a) 
 

 
 
 (190-V-NAM, Third Ed., January 1998) 

               (E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR       JANUARY, 1998 
                                                                                    C =    90 
                                    SURFACE - K =1.00                               I =    86 
       (L)                   (V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 
   UNSHELTERED 
     DISTANCE     0    250   500   750  1000  1250  1500  1750  2000  2250  2500  2750  3000 
     IN FEET 
     10000     77.4  67.5  54.0  40.7  24.4  14.0   7.1   3.6   2.0   0.7 
      8000     77.4  67.5  54.0  40.7  24.4  14.0   7.1   3.6   2.0   0.7 
      6000     77.4  67.5  54.0  40.7  24.4  14.0   7.1   3.6   2.0   0.7 
      4000     77.4  67.5  54.0  40.7  24.4  14.0   7.1   3.6   2.0   0.7 
      3000     77.0  67.1  53.7  40.4  24.3  13.9   7.0   3.6   1.9   0.7 
      2000     74.7  65.0  51.8  38.9  23.2  13.1   6.6   3.3   1.8   0.7 
      1000     68.7  59.6  47.2  35.1  20.6  11.4   5.6   2.8   1.5   0.5 
       800     66.4  57.5  45.4  33.6  19.6  10.7   5.3   2.6   1.3   0.5 
       600     61.0  52.7  41.3  30.2  17.4   9.3   4.5   2.1   1.1 
       400     55.5  47.8  37.2  26.9  15.2   7.9   3.7   1.7   0.9 
       300     51.4  44.1  34.1  24.4  13.6   6.9   3.2   1.4   0.7 
       200     45.1  38.5  29.4  20.7  11.3   5.5   2.5   1.1   0.3 
       150     39.4  33.4  25.3  17.5   9.3   4.4   1.9   0.8   0.3 
       100     34.7  29.3  21.9  14.9   7.7   3.5   1.5   0.5 
        80     31.9  26.9  20.0  13.5   6.9   3.1   1.2   0.4 
        60     26.3  22.0  16.1  10.6   5.2   2.2   0.8 
        50     23.4  19.5  14.1   9.2   4.4   1.8   0.7 
        40     21.0  17.4  12.5   8.0   3.8   1.5   0.5 
        30     17.5  14.4  10.2   6.3   2.9   1.1 
        20     13.1  10.7   7.4   4.4   1.9   0.4 
        10      7.0   5.5   3.6   2.0   0.7 
 
 
               (E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR       JANUARY, 1998 
                                                                                    C =    90 
                                    SURFACE - K =0.90                               I =    86 
       (L)                   (V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 
   UNSHELTERED 
     DISTANCE     0    250   500   750  1000  1250  1500  1750  2000  2250  2500  2750  3000 
     IN FEET 
     10000     69.7  60.5  47.9  35.7  21.0  11.7   5.8   2.9   1.5   0.6 
      8000     69.7  60.5  47.9  35.7  21.0  11.7   5.8   2.9   1.5   0.6 
      6000     69.7  60.5  47.9  35.7  21.0  11.7   5.8   2.9   1.5   0.6 
      4000     69.0  59.9  47.4  35.2  20.7  11.5   5.7   2.8   1.5   0.5 
      3000     67.9  58.9  46.6  34.5  20.2  11.2   5.5   2.7   1.4   0.5 
      2000     65.3  56.5  44.6  32.9  19.1  10.4   5.1   2.5   1.3   0.5 
      1000     59.0  50.9  39.8  29.0  16.6   8.8   4.2   2.0   1.0 
       800     57.2  49.3  38.4  27.9  15.8   8.3   3.9   1.8   0.9 
       600     53.4  45.9  35.6  25.6  14.4   7.4   3.4   1.6   0.8 
       400     48.6  41.6  32.0  22.8  12.5   6.3   2.8   1.3   0.4 
       300     44.5  38.0  29.0  20.4  11.1   5.4   2.4   1.0   0.3 
       200     38.5  32.7  24.7  17.0   9.0   4.2   1.8   0.7   0.2 
       150     34.0  28.7  21.4  14.6   7.5   3.4   1.4   0.5 
       100     29.9  25.1  18.5  12.4   6.2   2.7   1.1 
        80     26.0  21.7  15.9  10.4   5.1   2.1   0.8 
        60     22.1  18.3  13.2   8.5   4.1   1.6   0.6 
        50     19.6  16.2  11.6   7.3   3.4   1.3 
        40     17.0  14.0   9.9   6.2   2.8   1.0 
        30     13.9  11.4   7.9   4.8   2.1   0.7 
        20     10.2   8.2   5.5   3.2   1.3   0.3 
        10      4.4   3.5   2.2   1.1   0.4 
 
           * NOTE: SOIL LOSS FOR VALUES WHERE 'E' IS LESS THAN 0.1 OR GREATER THAN 
                   440.0 ARE NOT SHOWN; OTHER VALUES NOT SHOWN ARE INVALID 
 
           ** NOTE: VALUES SHOWN ARE FLAT SMALL GRAIN EQUIVALENT, NOT 'V' 
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