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Solutions for LifeTM  

May 7, 2013 
 
Mr. James Sher, P.E. 
Texas Commission on Environmental Quality 
P.O. Box 13087 
Austin, Texas 78711-3087 
 
Re:  Texas Custodial Trust 

Former ASARCO Smelter Site, El Paso, Texas 
 
Subject: Required Slope Maintenance in Parker Brothers Arroyo 
 
Dear Mr. Sher: 
 
This letter is submitted requesting your approval to proceed with slope maintenance in 
Parker Brothers Arroyo (PBA) needed to increase the plant-slope factor of safety, protect 
newly constructed channel improvements and future permeable reactive barrier (PRB) 
monitoring wells from erosion of existing loose material on the slopes and subsequent 
deposition of transported materials into the PBA channel. 
 
The subject slope is on the plant side (south side) of PBA and extends from the slag 
bridge that crosses the Union Pacific rail lines to the east to the slag ramp near Paisano 
Drive to the west.  Sheets C-1 through C-2 (see attached) show the extent of the slope and 
cross-sections.  Please note that we are only requesting to perform the maintenance 
activities on Areas 2 and 3 as these two areas are anticipated to result in a cut/fill balance.  
The need for fill in Area 2 will be determined after the slope is cleaned off.  Activities for 
Area 1 shown in Sheets C-1 through C-3 will be deferred until site slag volumes can be 
discussed with TCEQ. 
 
Stability analysis for existing, noncrystalline slag slopes (see attached) conclude that the 
slopes should be flattened to 2H:1V in order to improve slope stability, bringing the 
calculated static factor of safety to a value greater than 1.5 and a pseudo-static factor of 
safety greater than 1.0.  Existing crystalline slag and native bedrock slopes in these 
segments have sufficient stability.  However, the crystalline slopes in the area are covered 
by a thin layer of loose material that needs to be removed. 
 
Activities planned include: 

· Removing material from Area 2 and placing/compacting the material in Area 3. 
Unsuitable material will be separated and transported to the plant area and 
combined with other similar material.  Compaction will be achieved by applying 
water to the material and track-walking it with a Caterpillar D-6 Dozer (or 
equivalent).  This same method was used to compact the slag buttress that was 
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placed against the railroad bridge abutment to facilitate excavation in PBA and is 
performing well. 

· Shaping and compacting the resulting outer surface of areas with the D-6 Dozer 
once cut/fill activities are complete. 

· Uncover bedrock and native areas in Area 2 by removing loose materials to 
competent underlying materials. 

· Place and clean soil compact at toe of slope in Areas 2 and 3 as an embankment 
that will support the plant-side slope of the Interim Channel.   

 
We anticipate this work will take approximately 2 to 3 weeks to complete.  We plan to 
install the PBA monitoring wells after this is completed so that the wells are not damaged 
by the maintenance activities.  These activities will not substantially affect the water 
surface elevations described in the CLOMR provided with of the interim channel design.   
 
Please provide your concurrence of these proposed additional activities or contact us if 
you have any comments or need additional information.  
 
Very truly yours, 
 
MALCOLM PIRNIE, INC. 

Scott M. Brown, P.E. 
Project Manager 
 
Attachment 
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Date: April 30, 2013 

To: Former Asarco El Paso Site Project Team  

From: Carsten Becker/Dan Bonner 

Re: Allowable Slope Angles along Parker Brothers Arroyo 
 Former El Paso Smelter Site, El Paso, Texas 
 

Malcolm Pirnie has assessed the stability of the bank along the south side of the Parker 
Brothers Arroyo (PBA) at the Former Asarco El Paso Site, in El Paso, Texas. The bank consists 
predominantly of slag deposits, up to approximately 60 feet high and with slope angles of up 39 
degrees. The surficial deposits consist mainly of sand to gravel size broken slag, which are 
typically underlain by crystalline slag deposits. The crystalline slag at the site typically has the 
ability to stand vertically and at significant height of 60 feet and potentially higher. The 
stability of the crystalline slag is discussed for specific areas in a separate memorandum 
(Malcolm Pirnie 2013). This memorandum focuses on the stability of the broken slag slopes. 
The slopes will be modified to meet typical factors of safety for long-term stability.  
Specifically the slopes will be modified to achieve a minimum factor of safety of 1.5 for the 
static case and 1.0 for the seismic case. This memorandum provides the allowable slope angle 
to be used in design and provides the rationale for selection of the design slope. 
 
BACKGROUND 
The slag deposits along the Parker Brothers Arroyo were placed when the smelter was still in 
operation. The crystalline material was poured as hot molten slag, which then cooled and 
hardened in place. Later broken sand and gravel size slag was placed on top of the crystalline 
slag. During recent construction activities some of the slag was graded to create safe work 
areas. The material is generally in a loose state. 
 
METHODOLOGY 
The broken slag is a granular material. For granular materials, instability typically occurs at the 
slope face and the stability is assessed using infinite slope analysis (Duncan & Wright 2005). 
For static conditions with no seepage, the only input parameters are the shear strength of the 
material and the slope angle. The static factor of safety was calculated as follows: 
 

FSstatic = tan f / tan b 
 

Where FS = factor of safety, f = angle of internal friction, and b = slope angle. 
 
For seismic conditions, a pseudostatic analysis was performed that also requires a seismic 
coefficient. The pseudostatic factor of safety was calculated as follows: 
 

FSpseudostatic = ((cos b -  k sin b) tan f) / (sin b + k cos b) 
 

Where k = seismic coefficient. 



 April 30, 2013 
 Page 2 
 

G:\ENV\ENV\PROJ\1200\1209 - MP - El Paso Smelter\PBA Slope Maint Letter May 2013\AttachmentSlope Stability Memo_PBA Channel_El Paso.docx 

 
ASSUMPTIONS 

Shear Strength of Broken Slag 
The shear strength assumptions are based on a combination of observed angles of repose and 
published typical values in conjunction with engineering judgment. The existing slopes along 
the PBA vary in steepness between 33 and 39 degrees. These deposits are generally in a loose 
state. A paper was published in 1993 on the geotechnical properties of crushed slag from the 
former Asarco El Paso site (Das et al. 1993). The reported properties included angles of 
internal friction from direct shear testing on crushed slag consisting of sand size particles. 
Based on the direct shear test results, the friction angles ranged from approximate 40 degrees to 
52 degrees for relative densities ranging from approximately 20 percent to 90 percent.  The 
high angles of internal friction were attributed largely to the angularity of the slag particles and 
are generally higher than those for most sands. The slag along the PBA generally 
predominantly consists of larger size particles (gravel size), but also contains sand size particles 
in some areas. Based on its larger particle sizes, the friction angles for this material could 
potentially be higher than those reported in the 1993 paper. Based on the slope angles of the 
existing slopes along the PBA, which largely consist of loosely placed material, the angle of 
repose for this material is at least on the order of 37 to 39 degrees. For design purposes, a 
conservative value for the angle of internal friction of 37 degrees was used.  

Seismic Coefficient 
El Paso is in an area of relatively low seismicity, but has the potential for large earthquakes 
with active faults nearby (Frankel et al. 1996). Quaternary faults exist in the area, but these 
faults have relatively long recurrence times. The East Franklin Mountains Fault has the 
potential for producing large earthquakes (up to M7.0), but with its long recurrence times 
contributes relatively little to the probabilistic seismic hazard at the site. The largest 
contribution comes from gridded sources in an extensional zone with a site-to-source distance 
of approximately 19 kilometers and a magnitude of M6.0. For the slope stability assessment, 
the 2475-year event (2 percent of probability of exceedance in 50 years) was used. Based on 
the 2008 U.S. Geological Survey (USGS) seismic hazard maps (USGS 2008), this event is 
associated with a peak ground acceleration (rock outcrop) of 0.134 g (acceleration of gravity). 
This value was used as the reference acceleration and the seismic coefficient was taken as 75 
percent of the reference acceleration in conjunction with a target factor of safety of 1.0 for 
slope stability for pseudostatic conditions (Bray et al. 1998).  
 
ANALYSIS RESULTS 
Various slope angles were considered and based on the stability analyses, a 2H:1V (2 
horizontal to 1 vertical) slope was selected. A static factor of safety of 1.5 was calculated for 
the 2H:1V slope using infinite slope analysis. For seismic conditions, a factor of safety of 1.19 
was calculated using a pseudostatic approach. With this approach and the selected seismic 
coefficient, displacement along the surficial failure surfaces is limited to less than one foot, if a 
minimum factor of safety of 1.0 is achieved (Bray et al. 1998). 
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CONCLUSIONS AND RECOMMENDATIONS 
Based on the analyses presented herein, the slopes along the PBA consisting of broken slag 
material will be stable under static and seismic conditions if slopes no steeper than 2H:1V are 
used for grading. Since the friction angle was selected conservatively and the pseudostatic 
factor of safety significantly exceeds the minimum factor of 1.0, slope displacement will likely 
be significantly less than one foot should the design seismic event occur. Larger seismic events 
may cause larger displacements. 
 
The assessment presented herein was performed for slopes that consist of broken slag material 
that exists along the PBA. This assessment is not valid for other materials or for slag slopes that 
need to be covered with other materials. Should it be necessary to cover the slag slopes, 
additional analyses may be required to assess the feasibility of 2H:1V slopes.  
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