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Solutions for LifeTM  

October 2, 2014 
 
Ms. Eleanor Wehner, P.G. 
Texas Commission on Environmental Quality  
Remediation Division 
VCP-CA Section, Mail Code MC-127 
Post Office Box 13087 
Austin, Texas 78753 
 
Re: Texas Custodial Trust 
 Former ASARCO Smelter Site, El Paso, Texas 
 
Subject:  Response to TCEQ/USEPA Comments on Cell 4 Final Cover Design 
 
Dear Ms. Wehner: 
 
Enclosed please find our response to TCEQ and USEPA regarding the Cell 4 Final Cover 
Design dated August 15, 2014.  
 
We continue to anticipate completion of Cell 4 fill activities to be complete this year.  
Installing the final cover system will be initiated upon receiving agency approval to 
proceed.  The lower slope cover sections can be constructed immediately upon approval 
to provide final cover protection and reduce the potential for storm water impacts prior to 
capping the top.  The top of the landfill will be capped after all Category I materials have 
been disposed (anticipated in Q1 or Q2, 2015). 
 
If you have any questions regarding the information submitted, please call me or Mike 
Berry at 602-438-0883. 
 
Very truly yours, 
 
MALCOLM PIRNIE, INC. 
 
 
 
Scott M. Brown, P.E. 
Project Manager 
 
cc: Charles Fischer, USEPA Region 6 
 Chuck Barnes, USEPA Region 6 

Roberto Puga, Project Navigator 
Mark Landress, Project Navigator 
Beth Gross, Geosyntec Consultants 
Former ASARCO Smelter Team 

http://www.clker.com/cliparts/d/d/9/2/1194984904195212103recycling_symbol_a.j._as_01.svg.med.png
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29 September 2014 

Mr. Scott M. Brown, P.E. 
Malcolm Pirnie, Inc.  
410 N. 44th Street, Suite 1000 
Phoenix, Arizona  85008 

Subject: Response to 15 August 2014 TCEQ and EPA Comments  
Category I Landfill, Cell 4 Final Cover Design 
Texas Custodial Trust 
Former ASARCO Smelter Site, El Paso, Texas 

Dear Mr. Brown: 

This letter was prepared to respond to the 15 August 2014 technical review comments from the 
Texas Commission on Environmental Quality (TCEQ) and the U.S. Environmental Protection 
Agency (EPA) on the final cover design and the leachate levels on the liner system for the above 
referenced facility. Geosyntec Consultants (Geosyntec) and Malcolm Pirnie, Inc. (MP) 
previously responded to EPA comments on the Cell 4 final cover system in a 24 June 2014 
submittal to Ms. Eleanor Wehner, P.G. of the TCEQ, and EPA comments on the Cell 4 liner 
system design in a 9 July 2012 submittal to Mr. James S.H. Sher, P.E. of the TCEQ.  
 
The 15 August 2014 comments from the TCEQ and EPA are presented and addressed below.  
 
TCEQ and EPA Comment: 
1. Provide the initial and boundary conditions that were applied in solving the 1-D unsaturated 
unsteady-state mathematical model to model the moisture mass balance in the Landfill. Indicate 
what form of Richard’s equation, or any form of equation that is being used as the 1-D model.  
 
Response: 
The initial and boundary conditions were provided in Section 3.4 of Attachment B to the 24 June 
2014 response to comments letter. A copy of the attachment page with Section 3.4 is included in 
Appendix A. “The initial suctions in the soil profile were set at field capacity.” “Meteorological 
forcing (i.e., the 1963-2012 weather record) was used at the upper boundary. In addition, the 
suction head at the surface was limited to 0 cm (no ponding) to 1E+06 cm (surface can be dried 
below wilting point by evaporation). A unit gradient flow boundary was specified at the bottom 
of the ET final cover.” (ET refers to “evapotranspirative”.)   
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As stated in Section 2 of Attachment B to the 24 June 2014 response to comments letter, 
Richard’s equation was used to simulate “infiltration of water into the soil profile, water 
redistribution within the soil, and vertical drainage from the soil.” This section also presents the 
form of Richard’s equation used as the one-dimensional (1-D) model and solved in UNSAT-H, 
with the exception that in UNSAT-H, t∂∂ /θ is replaced by ( )( )thh ∂∂∂∂ //θ to yield the following: 

൬߲߲ߠℎ൰ ൬߲ℎ߲ݐ൰ = − ݖ߲߲ ൤݇௨ሺℎሻ ൬߲ℎ߲ݖ + 1൰൨ − ܵሺݖ,  ሻݐ
 where: θ = volumetric moisture content; 
 t = time; 
 z = depth (positive downward); 
 ku = unsaturated hydraulic conductivity; 
 h = suction head; and 
 S = sink term representing water uptake by transpiration. 

A copy of the attachment pages with Section 2 is included in Appendix A. 
 
TCEQ and EPA Comment: 
2. Provide the Soil Moisture Capacity Curve for the geologic soil layer being modeled at the 
landfill cover.   
 
Response: 
The soil water characteristic curves (SWCCs) were provided in Figure 3 of Attachment B to the 
24 June 2014 response to comments letter. A copy of the attachment page with this figure is 
included in Appendix A. 
 
TCEQ and EPA Comment: 
3. Provide justifiable reason(s) for using 1-D model to model a 3D un-saturated geo-space.   
 
Response: 
As described by Fayer (2000), a 1-D model “is considered valid for most near-surface modeling 
efforts, provided the surface is uniform and nearly level, no overland flow exists, and soils 
properties are homogeneous and isotropic within each defined soil layer.” [Source: Fayer, M., 
2000, “Unsaturated Soil Water and Heat Flow Model, Ver. 3, Theory, User Manual, and 
Examples,” Pacific Northwest National Laboratory, Richland, Washington.] These conditions 
are generally considered applicable to the Cell 4 final cover system. The engineered cover 
system is considered to have a uniform surface and be composed of homogeneous, isotropic soils 
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within each defined soil layer. Although the final cover system is sloped, its water balance is 
dominated by evaporation and transpiration rather than overland flow: the average simulated 
runoff for the base case is 8.6% of precipitation, while evaporation represents 50.5% of 
precipitation and transpiration represents 39.5% of precipitation. Lastly, using a 1-D model, 
such as UNSAT-H, for ET cover simulations is the state-of-practice and currently endorsed by 
the TCEQ for ET cover design (see, for example, TCEQ, 2012, “Guidance for Requesting a 
Water Balance Alternative Final Cover for a Municipal Solid Waste Landfill,” RG-494) and 
recognized by EPA as a common ET cover model.        
 
TCEQ and EPA Comment: 
4. Please provide reason for not coupling heat to mass (Diffusional & Convective) transport for 
the un-saturated flow analysis provided.   
 
Response: 
Based on vadose zone monitoring and modeling studies conducted for semi-arid and arid sites in 
the southwest, including the Chihuahuan Desert, the ecoregion in which the Former ASARCO 
Smelter Site is located, water potential gradients at these sites are upward and recharge is 
negligible (see, for example, Scanlon, B.R., Keese, K., and Reedy, R., 2003, “Variations in flow 
and transport in thick desert vadose zones in response to paleoclimate forcing (0-90 kyr): field 
measurements, modeling, and uncertainties,” Water Resources Research, Vol. 39, No. 7, 1179, 
doi: 10.1029/2002WR001604). In the near surface soils, where precipitation infiltrates and 
evaporates, water fluxes are dominated by liquid fluxes in response to hydraulic gradients. The 
ET final cover simulations presented in Attachment B to the 24 June 2014 response to comments 
letter primarily deals with this active zone. 
 
Below the active zone, water fluxes are dominated by thermal vapor fluxes, with downward flux 
in the summer and upward flux in the winter (Scanlon, B.R., 1994, “Water and heat flux in desert 
soils, 1. field studies,” Water Resources Research, Vol. 30, pp. 709-719; Scanlon, B.R. and 
Milly, P.C.D., 1994, “Water and heat flux in desert soils, 2. numerical simulations,” Water 
Resources Research, Vol. 30, pp. 721-733; Scanlon et al., 2003). While the net thermal vapor 
flow is downward, it is more than balanced by the upward flow of liquid water, yielding a net 
upward flow of water (Scanlon et al., 2003). It is anticipated that Cell 4, with its thick native soil 
profile, composed of the ET final cover overlying primarily impacted soil waste, will have a 
similar response.  
 
Because water movements in the surficial soils associated with ET covers is predominately 
driven by hydraulic gradients, ET cover simulations are typically conducted considering only 
hydraulic gradients. This approach is consistent with TCEQ guidance (TCEQ, 2012, “Guidance 
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for Requesting a Water Balance Alternative Final Cover for a Municipal Solid Waste Landfill,” 
RG-494).         
 
TCEQ and EPA Comment: 
5. Please provide the conceptual model for the 1-D space and justify its use.   
 
Response: 
The conceptual model is described in Section 2 of Attachment B to the 24 June 2014 response to 
comments letter. A copy of the attachment pages with Section 2 is included in Appendix A. 
Justification for using the 1-D model UNSAT-H is provided in the Response to Comment 1.     
 
TCEQ and EPA Comment: 
6. Please provide a calculation for hydraulic energy balance and momentum balance at the point 
where the hydraulic jump occurs. Provide the critical hydraulic head/depth of flow and water 
velocity in the chute bottom at that point. Calculate Froude’s number at that bottom chute point 
where slope transition occurs. 

Response: 
The energy loss through the hydraulic jump can be calculated by balancing the hydraulic energy 
before the jump (point 1) and after the jump (point 2):   
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where: 
ΔE = energy head loss of hydraulic jump (ft); 
 V = velocity (ft/s); 
 d = depth of flow (ft); and 
 g  = gravitational constant (ft/s2). 

Using the velocities and depths of flow calculated for the downchute and drainage channel outlet 
in the Attachment C to the 24 June 2014 response to comments letter:  

  ftd
g

V
d

g

V
E 18.167.0

2.32*2

07.4
29.0

2.32*2

82.10

22

22

2

2
2

1

2
1 =








+−+=








+−+=Δ  



Mr. Scott Brown 
29 September 2014 
Page 5 

 
 

Response to Aug 2014 EPA Comments on Final Cover.docx 
 

A copy of the attachment pages with the calculated velocities and depths of flow is included in 
Appendix B. The calculated energy loss through the hydraulic jump is approximately 1.2 ft. The 
hydraulic jump is providing energy dissipation in the amount of the calculated energy loss.  

The critical hydraulic head/depth of flow and water velocity in the drainage channel outlet 
corresponds to a Froude number equal to 1.0. The Froude number is calculated as:   

  
gd

V
Fr =  

The calculated Froude numbers before the hydraulic jump (point 1) and after the jump (point 2) 
are as follows:   
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To calculate the critical hydraulic head/depth of flow and water velocity, an iterative process 
was used. A depth of flow was selected, and the corresponding flow velocity was calculated 
using Manning’s equation. This equation and the input parameters for the drainage channel 
outlet are defined in Attachment C to the 24 June 2014 response to comments letter. A copy of 
the attachment pages that present Manning’s equation is included in Appendix B. The selected 
depth and flow and calculated flow velocity were used to calculate the Froude number. The 
depth value was changed until a Froude number of 1.0 was calculated: 
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The critical hydraulic head/depth of flow and water velocity were calculated as 0.63 ft and 4.5 
ft/s, respectively. 
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TCEQ and EPA Comment: 
7. Support the statement that no energy dissipater(s) is required by using actual calculations not 
just mentioning velocity. 

Response: 
As shown in the Response to Comment 6, the hydraulic jump is serving as energy dissipation 
with a calculated energy loss of approximately 1.2 ft.  

The need for additional energy dissipation was evaluated in Attachment C to the 24 June 2014 
response to comments letter by comparing calculated tractive stresses in the surface water 
management system to permissible tractive stresses. The calculated tractive stress of flow on the 
downchute outlet apron is 0.14 psf, and the permissible tractive stress of flow on the downchute 
outlet apron, which is lined with reinforced concrete, is 12.5 psf.  Because the calculated tractive 
stress is not greater than the permissible tractive stress, the tractive stress criterion is met and 
additional energy dissipation is not required. A copy of the attachment pages that present the 
tractive stress evaluation is included in Appendix B. 

TCEQ and EPA Comment: 
8. Show that the hydraulic jump will act as a sufficient energy dissipater that justify no need for 
rock riprap across the apron at the axis of the chute at the apron boundary. 

Response: 
See the Response to Comment 7. The downchute channel is lined with Articulated Concrete 
Block (ACB), and the channel outlet apron is lined with 8-in. thick reinforced concrete. These 
materials have sufficient resistance to the calculated tractive stresses and a greater resistance to 
tractive stresses than rock riprap. From Attachment C to the 24 June 2014 response to comments 
letter, the allowable tractive stress is 2.4 psf and 4.8 psf, respectively, for 0.5 ft and 1.0 ft riprap 
vs 6.7 to 7.0 psf and 12.5 psf, respectively, for ACB and reinforced concrete. Therefore, there is 
no need to add rock riprap on top of the reinforced concrete apron. A copy of the attachment 
pages that present the tractive stress evaluation is included in Appendix B.   

TCEQ and EPA Comment: 
9. Show depth of water on the hydraulic channel profiles in the Arroyo Channel and the Landfill 
down drop Chute channel profile in Figures 1-A, 1-B, and  Drawing 15 of 15.  
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Response: 
As requested, the depth of water within the Arroyo Channel was added to Figures 1A and 1B (the 
depth of water in Downchute Drainage Channel and Downchute Outlet was already shown on 
these figures), and the depth of water within the Downchute Drainage Channel, Downchute 
Outlet, and Arroyo Channel was added to Section H on Drawing 15 of 15. A copy of the figures 
and drawing is included in Appendix C.   

TCEQ and EPA Comment: 
10. Provide the design and operational depth of leachate (leachate permit head) on Drawing 7 of 
15, 8 of 15 and 11 of 15. 

Response: 
As requested, the design depths of leachate during operation and during the post-closure period 
were added to Section D on Drawing 7 of 15, Section E of Drawing 8 of 15, and Cross Sections 
A and B on Drawing 11 of 15. A copy of the drawings is included in Appendix C.     

If you have any questions regarding our response, please do not hesitate to contact either of the 
undersigned. 
          Sincerely, 
 
 

M. Zahirul Islam, Ph.D., P.E. 
Project Engineer 

 

Beth A. Gross, Ph.D., P.E. 
Principal  
 
 
 

Appendices: Appendix A - Select Pages from Attachment B to the 24 June 
2014 Response to Comments Letter 

Appendix B - Select Pages from Attachment C to the 24 June 
2014 Response to Comments Letter 

Appendix C - Figures and Drawings  
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APPENDIX A 
 

SELECT PAGES FROM ATTACHMENT B TO THE 24 JUNE 2014 
RESPONSE TO COMMENTS LETTER  
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APPENDIX B 
 

SELECT PAGES FROM ATTACHMENT C TO THE 24 JUNE 2014 
RESPONSE TO COMMENTS LETTER  
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APPENDIX C 
 

FIGURES AND DRAWINGS 
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