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17 02 16 Responses to NMED Letter dated August 22 2016 

 
February 16, 2017 

 
Ed Riege 
Remediation Manager 
Western Refining Southwest, Inc. 
92 Giant Crossing Road 
Gallup, NM   87301 
 
Re:   Responses to NMED Comments 

Summary Report – Evaporation Pond Repairs 
Western Gallup Refinery 
Gallup, New Mexico 

 
Dear Ed: 
 

At Western Refining Southwest’s (Western’s) request, this letter provides Axis 
Group Inc.’s (Axis’) responses to New Mexico Environment Department’s 
(NMED’s) August 22, 2016 comments regarding the Summary Report-
Evaporation Pond Repairs dated December 17, 2015.  Responses to the NMED’s 
comments have been incorporated into the Revised Summary Report, 
Evaporation Pond Repairs as appropriate.   

Comment 1: 

A: In Section III (Miscellaneous), Part B (Pond Integrity), the Permittee states, 
"NMED's April 8, 2015 letter states 'seepage is likely occurring' and 'there is 
evidence that the berms are still in need of repair.' NMED notes that the 
basis for this observation is information from an August 2014 U.S. 
Environmental Protection Agency (EPA) RCRA compliance inspection.  
EPA's Inspection Report indicated that EPA had observed what it believed 
was moisture at a pond dike, and included several photographs, all of 
Pond 6. 

No response needed for Comment 1A. 

B: Western received EPA's Inspection Report in Fall 2014 and completed 
significant berm improvements on Pond 6 in March 2015, prior to receiving 
NMED's April 8th letter. Western also completed improvements to other 
pond dikes during this same time period. 

No response needed for Comment 1B. 
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C: Section 2.4.3 (Pond 7/8 West Berm Soil Borings) describes the soils as 
"[t]he berm fill soil was characterized as a red, silt to clay moist soil, until the 
native material was encountered around 12 feet deep. Native material was 
characterized as gray fine sand overlaying a stiff wet red clay."  Soil boring 
logs presented in Appendix D (Soil Boring Logs) indicate that there are 
"wet" layers in the soils within the evaporation pond berms along Ponds 7 
and 8. Sand layers are also identified in the berm boring logs.  The boring 
logs provided in Appendix C indicate water was present when those borings 
were installed in 2000. 

Response to Comment 1C: 

During the December 2000 boring program (Appendix C), 3 borings were 
installed on the Pond 7/8 west berm.  The borings showed moist soil at 
depths ranging from 1 to 5 feet to final depth. No borings indicated wet soil 
or water.  During the October 2015 boring program (Appendix D), four 
borings were installed on the Pond 7/8 west berm and indicated moist soil 
(indicative of the phreatic surface) at depths between 4 to 5 feet below the 
crest.  Wet soil was observed at the berm fill - native soil interface in three of 
the four borings.  

The depth to moist soil in the October 2015 borings is similar to the depth of 
water in the nearest piezometer (4-feet to moist soil in the boring versus 
6.33-feet to water in the piezometer).  The piezometer reading was used to 
model the phreatic surface during the slope stability modeling, as the water 
elevation in the pond was deeper than the elevation where the moist soil 
was encountered. 

Soil classifications in the boring logs from the Pond 7/8 west berm in the 
December 2000 program correspond to classifications in the boring logs 
from the October 2015 program.  The sandy layer encountered and 
described on the October 2015 boring logs SB-8N and SB-8S, is at a depth 
of 11.5 to 12 feet below the current crest elevation and is at the transition 
from berm fill material to native soil. 

D: For example Boring 8 (Southwest Corner of Pond 9A) indicates that the 
depth to water is 18 feet with a note "water bearing at 18', water rises to 6'2" 
after 24-hours and stabilizes." From 10 feet below the berm surface and 
down, the soil descriptions are "slightly sandy" at 10 feet, "very sandy" at 15 
feet, and "sandy" at 20 feet. This is evidence that the evaporation pond 
berms allow water to seep through in spite of the calculated 1.9 X 10-7 
cm/sec permeability. In the revised Report, discuss the permeability of the 
berms the sand layers, and whether or not the water observed in the 
borings presents a risk for berm failure. See also Comment 4.  
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Response to Comment 1D: 

Western does not agree with the interpretation of the boring log stated in the 
comment above.  The log from the December 2000 program for Boring 8 at 
southwest corner of Pond 9 indicates “Clay” as the major descriptor with 
minor descriptors of various portions of sand (e.g. very sandy or slightly 
sandy).   

Water encountered at a depth of 18-feet and then rising over 24-hours to a 
depth of 6-feet 2-inches is an indication of an artesian condition with water 
below a confining layer (i.e. clay).  Western does not agree with NMED’s 
interpretation that this is evidence the evaporation pond berms allow water 
to seep through. 

The 1.9 X 10-7 cm/sec permeability test result referred to in NMED’s 
comment is from a borrow sample taken during the October 2015 program 
and not from the Pond 9 soil obtained in the December 2000 program.  The 
soil sample taken from the 2015 borrow pit was tested at a geotechnical 
laboratory for permeability using a flex-wall permeameter method described 
under ASTM 5084.  Appendix B contains the geotechnical data and 
laboratory test results for the berm improvement activities. 

Comment 2: 

In Section III (Miscellaneous) point B, bullet I the Permittee discusses the 
placement of additional evaporation blowers to help in lowering the amount 
of water in the evaporation ponds.  In the revised Report discuss the 
frequency (e.g., continuous, as needed) the blowers will be used. 

Response to Comment 2: 

The evaporation blowers operate continuously during the peak evaporation 
season (about April through October) except when the evaporation blowers 
are shut down for maintenance purposes or when the temperature makes 
evaporation inefficient.  The evaporation blower operation is discussed in 
Section 5.2 of the Revised Summary Report. 

Comment 3: 

In Section III (Miscellaneous) point B, bullet 3 the Permittee discusses new 
staff gauges that were installed to measure current storage, remaining 
storage volume, and freeboard in the evaporation ponds.  The Permittee 
must keep track of these measurements and report the data in table format 
in the annual Facility-wide Groundwater Monitoring Report.  Additionally, the 
Permittee must also report on evaporation pond inspections, maintenance, 
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and/or repairs to the evaporation pond berms in the annual Facility Wide 
Groundwater Monitoring Report. 

Response to Comment 3: 

Western will provide a staff-gage log in table format with the annual Facility-
Wide Groundwater Monitoring Report.  Western will also include copies of 
inspection records along with records of maintenance and improvements 
that have been conducted.   

Comment 4: 

In Section 2.4.4 the Permittee states, "[w]ater levels (if present) have been 
measured in the drive-point piezometers three times since installation (as of 
November 11, 2015) and that data is contained in the piezometer logs in 
Appendix E.  Due to the low permeability clay soil in the berms, as of 
December 2015, the water levels in the piezometers have not yet 
completely stabilized.  Western will continue to monitor the water levels in 
the piezometers as needed.  The drive-point piezometer logs also visually 
illustrate the location of the phreatic surface."   

The piezometer logs indicate that surface water is entering the casing at the 
ground surface in a few of the piezometers (e.g., Pond 6, Piezometer E), 
ensure that the casing is constructed so that surface water cannot infiltrate 
the casing.  Additionally, in the revised Report discuss how often water 
levels in the piezometer will be monitored and reference that the information 
will be reported in an annual status report (See Comment 3).  Also, discuss 
whether or not the piezometric surface is below the potential or existing 
sliding surface or below the stability threshold for the berm slopes and 
discuss what measures will be taken if the water levels in the piezometers 
increase to the point where slope failure is possible. 

Response to Comment 4: 

Western continued improvements to the earth berms after the December 
2015 Report was provided to NMED.  The drive-point piezometers installed 
in the berms of Ponds 7, 8, and 9 during October 2015 were abandoned 
during these ongoing improvements.   

Western will install new piezometers in the downstream slopes of the earth 
berms along cross-sections that will be used in an updated numerical slope 
stability analysis.  The new piezometers will be installed with casings and 
bentonite seals above the screen interval to prevent surface water intrusion.  
Piezometers will be installed in borings at selected cross-sections in the 
following earth berms: 
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 Pond 7/8 west berm 

 Pond 6 west berm 

 Pond 9 north berm 

The water levels will be recorded monthly and when stable (about three 
months), the water levels will be incorporated into the updated numerical 
slope stability analysis.  Afterward, the water levels in the piezometers will 
be measured as appropriate and reported in the Facility Wide Groundwater 
Report. 

Due to the slopes and access constraints, the borings for the piezometers 
will likely be hand-augured at each location.  Soil samples will be collected 
using a hand-drive sampler as needed in the hand-auger borings.   

The hand-auger will be used to advance a 4-inch diameter hole to depths 
required to install the new piezometer and collect the soil samples.  The 
hand-drive sampler has a barrel that holds brass sleeves for the soil 
samples.  The barrel is driven into the soil and then retrieved.  The brass 
liners are extracted from the barrel, sealed using Teflon™ patches, plastic 
caps, and tape.  Each sleeve will be sealed in the field, labeled as required, 
and provided to a geotechnical laboratory for analysis.  Soil analysis is 
expected to include: 

 Soil characterization and classification 

 West and dry unit weights with moisture content 

 Atterberg Limits 

 Sieve analysis 

 Effective stress strength parameters (c’ and Ø’) from a triaxial sheer 
test 

Western will also discuss the presence or absence of the phreatic surface, 
its relation to the theoretical slip circle identified in the slope stability output, 
and the potential effects on the numerical slope stability.  Note however that 
Western does not believe that the water levels (as observed in the 
temporary drive-point piezometers) will rise to the point where the slope 
stability is in jeopardy.  Western will provide the updated numerical slope 
stability evaluation in an addendum to the revised report. 
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Comment 5: 

The stability of the embankment slopes was evaluated using total stress 
rather than effective stress analysis methods.  Total stress analyses involve 
less sophisticated (and less costly) laboratory strength test methods than 
effective stress analyses and were in common usage thirty or more years 
ago.  It has since become clear to the engineering profession that the 
strength behavior of soil is best characterized in terms of effective stresses, 
where the pressure of the water within the pores of the soil is explicitly 
accounted for.  In total stress analyses, by comparison, pore water 
pressures are simply lumped into the soil strength value without 
quantification. The total stress method, because of the soil testing 
methodology employed, can potentially involve computations that involve 
artificially high values of soil cohesion, which, in turn, may lead to falsely 
high computed factors of safety (FS).  Although the stability of the 
embankment slopes may indeed be satisfactory, that conclusion cannot 
reasonably be drawn from the data presented. 

In order to assess whether the stability of each embankment lies within an 
acceptable range (for example, the FS = 1.5 for long term stability of the 
downstream face), all stability analyses must be repeated using the 
effective stress method in the context of the Bishop Method or the 
Morgenstern Price method.  This requires retesting the soils to determine 
their effective stress shear strength parameters (Ø and c) using, for 
example, the direct shear method (a drained test) or the triaxial test (a 
drained test or, alternatively, an undrained test with pore pressure 
measurement).  Provide a work plan proposing to collect additional soil data 
from the evaporation pond berms. 

Response to Comment 5: 

Western does not agree that total stress analysis is not applicable in the 
cases presented in the report.  It is acceptable to use the total stress 
analysis for slope stability for the end-of-construction analysis and for 
partially saturated soil (refer to “EM 1110-2-1902”, USACE 2003, 
“Geotechnical Engineering Techniques and Practices”, Hunt 1986).  Based 
on historical and current soil borings, the soil in the berms is best 
categorized as partially saturated.   

Western updated the previous slope stability work conducted in December 
2002 (Appendix C of the report) using the available soil strength data and 
applied the revised cross-sections after the new berm fill material was 
placed (through 2015).  The updated slope stability work used the 
December 2002 slope stability triaxial sheer strength data (these were total 
stress parameters) to estimate the updated factor of safety.   
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Western used the Morgenstern Price method of analysis in the updated 
slope stability analysis in Appendix F of the December 2015 report.  The 
updated slope stability analysis conducted on the revised berm cross-
sections resulted in increased factors of safety in each updated analysis.  
The minimum factor of safety calculated for the updated cases was 4.5, 
clearly in excess of the minimum acceptable factor of safety of 1.5. 

Note that the effective stress strength parameters on a clay soil typically 
result in a lower cohesion value (c value) and an increase in the internal 
angle of friction value. (Ø value) when compared to total stress strength 
parameters.  While there are changes to be expected in the strength 
parameters between total stress and effective stress, Western does not 
expect the changes to be significant.   

Western will install new piezometers in the downstream slopes of the earth 
berms along cross-sections that will be used in an updated numerical slope 
stability analysis.  The new piezometers will be installed with casings and 
bentonite seals above the screen interval to prevent surface water intrusion.  
Piezometers will be installed at selected cross-sections in the following 
earth berms: 

 Pond 7/8 west berm; 

 Pond 6 west berm; 

 Pond 9 north berm; 

Due to the slopes and access constraints, the borings used to install the 
piezometers will likely be hand-augured at each location.  Soil samples will 
be collected using a hand-drive sampler as needed in the hand-auger 
borings.   

The hand-auger will be used to advance a 4-inch diameter hole to depths 
required to install the new piezometer and collect the soil samples.  The 
hand-drive sampler has a barrel that holds brass sleeves for the soil 
samples.  The barrel is driven into the soil and then retrieved.  The brass 
liners are extracted from the barrel, sealed using Teflon™ patches, plastic 
caps, and tape.  Each sleeve will be sealed in the field, labeled as required, 
and provided to a geotechnical laboratory for analysis.   
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Soil analysis is expected to include: 

 Soil characterization and classification; 

 West and dry unit weights with moisture content; 

 Atterberg Limits; 

 Sieve analysis; and 

 Effective stress strength parameters (c’ and Ø’) from a triaxial sheer 
test. 

The soil data collected from this investigation will be used to update the 
numerical slope stability evaluation.  The cross-sections used in the 2002 
and 2015 slope stability work, will be used in the updated slope stability 
evaluation, with minor adjustments to the locations to evaluate the critical 
cross section.  The following will be incorporated into the updated slope 
stability evaluation: 

 Morgenstern Price limit-equilibrium analysis via GeoStudio 2012; 

 Updated berm topography at slope stability cross-sections (through 
2016);  

 Updated phreatic surface based on newly installed piezometers; 

 Soil properties confirmed during the new geotechnical investigation; 
and 

 Effective stress soil strength parameters cohesion (c) and angle of 
internal friction, phi (Ø). 

Comment 6: 

The slope stability analyses did not include an assessment of potential 
seismic loading conditions.  A pseudo-seismic analysis must be performed 
for this purpose. As required by 40 CFR § 257.74(3)(e)(iv) and discussed in 
Seed, H.B. 1979. Geotechnique Vol. 29, No.3.  An appropriate peak ground 
acceleration (PGA) should be applied to determine if the proposed slopes 
are stable under a seismic load.  It is recommended that a PGA (2% over 
50 years) of 0.081g based on current mapping be applied.  The liquefaction 
potential of the berm material must also be evaluated. 

Response to Comment 6: 

The reference provided for a pseudo-seismic analysis is confusing.  The 
reference provided [i.e. 40 CFR §257.74(3)(e)(iv)] appears to be for 
structural integrity criteria for new CCR surface impoundments and any 
lateral expansion of a CCR surface impoundment.  The CCR referred to in 
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the reference supplied is for Coal Combustion Residuals and does not apply 
to this facility.  Also, the berms are not new and there is no lateral 
expansion being considered.  Based on Western’s review of this comment 
and the citation, a pseudo-seismic analysis is not required or warranted.   

In addition, Western does not agree that the liquefaction potential for the 
berm material needs to be evaluated.  Based on observations of the earth 
berms, there is insufficient flow or seepage at the toe of the downstream 
slope to require analysis for seepage forces and liquefaction potential. 

Comment 7: 

It is not clear how the water level was determined for the Pond 9 north 
rebuild section. It does not appear that piezometers were installed in the 
embankment.  In addition, boring logs in the area seem to present 
conflicting information.  Provide information regarding how the groundwater 
levels were determined for this section and to discuss the method used to 
measure the water level. 

Response to Comment 7: 

The Pond 9 north rebuild section is modeling the cross section from 
December 2002 slope stability work with no new additional soil or 
groundwater data.   

However, work in 2016 added fill material to the Pond 9 north berm.  The 
numerical slope stability of the Pond 9 north berm will be evaluated using 
the updated topography and soil strength parameters. 

Comment 8: 

A: The Report does not provide information on how the strengths and unit 
weights for each soil type were determined, nor does it provide information 
as to how the delineations of soil materials were determined.  

Response to Comment 8A: 

Section 2.4.5 in the Report provides a discussion of soil properties used.  
As discussed, soil unit weight and strength properties from the December 
2002 slope stability analysis were used in the 2015 updated slope stability 
work.  The purpose of the 2015 slope stability work was to update the 2002 
slope stability analysis to include the new earth berm geometry.  Based on a 
review of the boring logs and borrow soil sample data, it was determined 
that the soil classifications were sufficiently similar.  Accordingly, the soil 
and strength properties from the December 2002 slope stability analysis 
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were used (i.e. unit weight, cohesion, and internal friction angles).  This 
information was also provided in tabular format in Table 1 of the Report.  
Average properties were determined for native material and berm fill.  

Similarly, the discussion in Section 2.4.5 also indicated that the soil material 
delineations were based on historic topography and current topography 
survey data after additional fill material was added to the earth berm slopes. 

B: Boring logs from 2002 do not contain elevations and no geotechnical lab 
data were provided concerning the soil material used to complete repairs in 
2013 and 2015. The analysis must include this information so that slope 
stability analyses are accurate and also so that a technical evaluation of the 
soils geotechnical information may be completed.  If historic boring logs do 
not include elevations and geotechnical laboratory data, then the Permittee 
must provide a schedule to submit a work plan proposing to collect 
additional soil boring data. 

Response to Comment 8B: 

Though the boring logs from 2002 engineering report do not contain 
elevations, the historic topography was discussed in Sections 2 and 3 and 
shown in cross-sections on Figure 6b of the Report.  The geotechnical data 
for the December 2002 work was provided in Appendix C of the Report.  In 
addition, geotechnical data from the 2013 and 2015 improvement work was 
provided in Appendix B of the Report.  As shown on Table 1 of the Report, 
the soil properties do not vary greatly for the berm fill throughout the various 
earth berm sample locations.   

Comment 9: 

The Report does not specify whether rapid drawdown will be employed 
during site operations.  If rapid drawdown is expected to occur, then a rapid 
drawdown analysis must be conducted to investigate the stability of interior 
slope faces of any pond embankment that is potentially subject to instances 
of abrupt lowering of the water level in the pond.  Under such 
circumstances, the rate of dissipation of pore water pressures in the 
embankment soils, which have developed under long term steady state 
conditions, cannot keep pace with the lowering of the pond level.  This 
results in excess pore pressures in the embankment that are likely to 
reduce embankment stability below that of long term steady state 
conditions.  If the Permittee expects rapid drawdown at the evaporation 
ponds, then this analysis must be conducted. Please revise the Report 
accordingly. 
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Response to Comment 9: 

A rapid drawdown analysis is not warranted since Western does not expect 
a rapid drawdown at the evaporation ponds. 

Comment 10: 

The Report does not specify whether loading to the berms is anticipated. 
The analyses were run assuming there would be no loadings on the berms 
(that is, no vehicular axle loadings and no dead loads). Traffic or high 
loadings on the berms must be included in the analysis if, in fact, such 
loadings are present or may occur. 

Response to Comment 10: 

Surcharge loading on the berms is not expected other than occasional light 
vehicle traffic.  Should berm loading beyond light vehicle traffic be required, 
the loadings will be analyzed as appropriate. 

Comment 11: 

The graphical output profile of the Slope/W runs is confusing. Although the 
output file appears to provide a detailed summary of the specific run, the 
delineation of materials and zones is unclear. Also, in some runs, the critical 
failure plane is cut off and not within the limits of the profile. The graphical 
output must be portrayed at a scale that shows the full profile and is clear 
and understandable so that the stability of the slope can be confidently 
evaluated. Revise the Report accordingly. 

Response to Comment 11: 

The slip surfaces and the phreatic surface in the model output were 
displayed.  However, additional detail will be added on the slope stability 
output for future slope stability evaluations.  The additional detail will more 
clearly delineate the material type and properties used in each zone.  In 
addition, the cross sections will provide sufficient vertical scale to illustrate 
the complete theoretical slope stability failure plane.  Western expects to 
provide the updated numerical slope stability evaluation in an addendum to 
the Revised Summary Report, Evaporation Pond Repairs. 

Comment 12: 

In the revised Report, the following design scenarios must be evaluated in 
order to determine whether their inclusion would significantly impact 
embankment stability:  
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1. Utilize a more conservative estimate of the groundwater elevation 
through the embankment for Pond 6 (west to east) and Pond 8 (south to 
north), using the November 11, 2015 readings from Piezometers A and 
E. 

Response to Comment 12 (1) 

The November 2015 water levels from piezometers A and E were used 
to evaluate the phreatic surface in the 2015 numerical slope stability 
analysis.  In a location where water was not detected, the phreatic 
surface was conservatively estimated to be at the bottom of the 
piezometer.  Where surface water intrusion was encountered at the toe 
of the slope, the phreatic surface was estimated to be at the toe of the 
slope.  The water levels used in the 2015 numerical slope stability 
analysis were obtained from temporary piezometers and that more 
permanent piezometers will be installed.  Date from the new piezometers 
will be used in the future numerical slope stability analysis. 

Please note the following: 

 In Pond 6 North to South, piezometer A (middle of the crest) was 
dry for the last two measurements and piezometer E was initially 
dry but subject to surface water infiltration at the toe of the slope 
from a storm event and therefore not reliable. 

 Similarly, for the Pond 8 South to North section, piezometer A 
(middle of the crest) was dry for the first two measurements and 
measured about 1.2 feet of water on the last measurement and 
piezometer E was initially dry but subject to surface water 
infiltration at the toe of the slope from a storm event and therefore 
not reliable. 

2. In the Slope/W runs, larger entry/exit ranges with more convergence/slip 
surfaces for each point must be utilized to increase confidence that the 
critical failure surface (that is, the surface with the lowest factor of safety) 
had, in fact, been identified. 

Response to Comment 12 (2) 

In the updated 2015 slope stability analysis, entry/exit ranges were 
chosen that cover the entire length of the berm.  This forced deeper slip 
surfaces in order to identify the critical potential failure surface.   
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3. The Report does not explicitly state why the sections were cut where 
they were.  Revise the Report to discuss the decision process. 
Additionally: 

a) move Section 6 to the southwest and extending Section 6 into the 
bottom of Pond 7 to enable a stability analysis of the interior slopes of 
Ponds 6 and 7, including a surcharge loading (as appropriate). [See 
Annotated Drawing 6a, note 5]; 

b) move Section 8 slightly to the west to capture the low point of the 
pond, corresponding to what appears to be the tallest and most 
appropriate embankment section for the analysis of stability. [See 
Annotated Drawing 6a, note 6]; and 

c) extend Section 9A directly north into the Pond 6 bottom, so the 
stability analysis is performed of the interior slopes of Ponds 6 and 9, 
with the inclusion of surcharge loads, as appropriate. [See Annotated 
Drawing 6a, note 7].” 

Response to Comment 12 (3) 

Western selected the critical section for each pond system based on 
geometry, typically in a section with the greatest height for each pond 
system, and near the locations where the temporary drive-point piezometers 
were installed.  In the future numerical slope stability work, the cross-
sections will be adjusted as appropriate to address Comment 12. 

 

Closing Remarks: 

Axis Group Inc. appreciates the opportunity to continue working with Western on 
this important project.  Please call me at 303-332-5757 with questions. 
 
Regards, 
 

 
 
John W. Billiard, P.E. 
Technical Services Director 
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