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Mr. Cazier,

 

Attached please find ARCADIS’ response to the DRMS TR 10 preliminary adequacy review letter for Holcim’s
request to remove sodium as a water quality parameter from the current Groundwater Monitoring Plan at Holcim’s
Portland, Colorado Plant.

 

Let me know if you would like a hard copy of the attached and we will send it out.

 

Feel free to contact me with any questions.  Thank you.

Christopher Peters | Vice President | chris.peters@arcadis-us.com

ARCADIS U.S., Inc. | 101 South Washington Square, Suite 400 | Lansing,MI 48933

T. 517.324.5052 | M. 517.927.3611 | F. 517.337.0417 

www.arcadis-us.com

Professional Affiliate/ ARCADIS of Michigan, LLC

Professional Registration/PG-Wisconsin,1054-013
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Imagine the result 

Mr. Timothy A. Cazier, P.E. 
Environmental Protection Specialist 
Colorado Division of Reclamation, Mining and Safety  
Department of Natural Resources 
1313 Sherman Street, Room 215 
Denver, Colorado  80203 

Subject: 

Response to DRMS Technical Revision (TR-10) Preliminary Adequacy Review 
Holcim (US) Inc. Portland, Colorado Limestone Quarry, Permit No. M-1977-344 
 
 
Dear Mr. Cazier: 

ARCADIS has prepared this letter on behalf of Holcim (US) Inc. (Holcim) to respond 
to the Division of Reclamation, Mining and Safety (DRMS) Technical Revision (TR-
10) Technical Adequacy Review of the “Proposal to Remove Sodium as a 
Groundwater Quality Parameter – DRMS Permit No. M-1977-344, Technical 
Revision No. 6”, dated August 4, 2014 and received by DRMS on October 20, 2014.  
The DRMS responded to the above proposal in a letter to Justin Andrews of Holcim 
dated October 31, 2014, requesting additional information be provided before they 
would authorize the removal of sodium as a water quality parameter to evaluate 
potential impact from leaching of cement kiln dust (CKD). 

Presented below is a summary of the DRMS comment from the October 31 letter  
followed by ARCADIS’ response.  We believe this information will provide the 
justification to remove the numeric protection level (NPL) for sodium from the 
groundwater monitoring program, approved by the DRMS on February 24, 2009 and 
updated on November 27, 2012.  We would propose as a revision to the groundwater 
monitoring program to continue to analyze groundwater samples for sodium in order 
to continue to determine the potassium to sodium ratio, which we would propose to 
replace the sodium NPL as the primary water quality indicator of impact from the 
CKD landfill. 

1) Relationship between depth to water and sodium concentration in 
monitoring well MW-7: 

The DRMS acknowledges that the higher concentrations of sodium observed in MW-
7 may be partially attributable to lower water levels in that monitoring well, but 
commented that  ARCADIS should provide further  discussion as to why the 
increased sodium concentrations are not attributable to impacts from CKD. 
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ARCADIS Response:  

As presented below, multiple lines of evidence support the conclusion that increasing 
concentrations of sodium in groundwater samples collected at MW-7 are not 
associated with leachate from the CKD landfill. 

We have further evaluated the effect of depth to water in monitoring well MW-7 (see 
Figure 1 for location) to water quality in that well by preparing concentration versus 
depth to groundwater graphs for sulfate and potassium, two of the other constituents 
analyzed as part of the Groundwater Monitoring Plan (GMP) for the site.  These 
graphs are presented in Figure 2 along with a sodium concentration versus depth to 
groundwater graph. The graphs demonstrate that while sodium concentration 
increase with increasing depth to groundwater, sulfate and sodium concentrations 
are inversely related to depth to groundwater. The correlation between and sulfate 
and potassium concentrations and depth to water is not as strong when compared to 
sodium after 2010, as indicated by the two observed “spikes” in concentration 
(Figure 2), particularly for sulfate. However, for both potassium and sulfate, when 
depth to groundwater decreases, constituent concentrations increase.  All three 
constituents are present in the CKD (see Table 1), and potassium and sulfate are 
present in the CKD at much higher concentrations than sodium (see discussion 
below) and all three constituents are highly leachable..  It follows that if the observed 
increases in sodium concentrations were associated with the CKD landfill, then  
corresponding increases in sulfate and potassium should be observed.  The 
historical data for these two constituents do not exhibit this pattern.   

In addition to the observed relationship between depth to water and sodium, sulfate, 
and potassium concentrations, there are additional lines of evidence that the 
increase in sodium concentrations are not related to releases from the CKD landfill.  
The basis for this position is that the concentrations of sodium in the groundwater 
should reflect its concentration in the CKD as well as its concentration relative to 
other constituents in the CKD. We present below both compositional and leach test 
data from the CKD to demonstrate that sodium concentrations in groundwater at 
MW-7 are not attributable to leaching from CKD. 

CKD chemistry indicates high concentrations of potassium and chloride relative to 
sodium. Table 1 is a summary of compositional CKD analyses from the Portland 
plant for 2014 for sodium, potassium, and chloride.  Sodium and potassium analyses 
are presented as oxides of these parameters.  The data indicate that the average 
potassium concentration is greater than sodium by more than a factor of 10 (K:Na > 
10). Chloride concentrations in the CKD exceed sodium concentrations in the CKD 
by nearly factor of 20 (Cl:Na >20).  Table 2 summarizes compositional potassium 
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and sodium concentrations from the Portland plant and eight  other Holcim plants in 
the United States from 2005 and 2006.  Potassium concentrations on average 
exceed sodium concentrations by a factor of approximately 11. Sodium, potassium, 
and chloride are all highly leachable constituents and behave conservatively in the 
environment; that is, they are minimally affected by geochemical conditions in the 
receiving groundwater (for example pH, redox, cation exchange capacity).  It 
therefore follows that concentration of these constituents in the groundwater, if 
leakage from the landfill was occurring, should mimic the concentrations in the CKD 
(thus, potassium concentrations should greatly exceed sodium concentrations).  
Based on several years of groundwater monitoring data from the site this is not the 
case.   While chloride is not part of the GMP, previous analyses of chloride suggest 
the same conclusion. Table 3 presents some historical chloride, potassium , and 
sodium concentrations in MW-7 between 1998 and 2009.  Chloride concentrations 
ranged from approximately 25 to 42 mg/L during that time period, compared to 7 to 
17 mg/L for potassium in that well over the same time frame, and 112 to 236 mg/L for 
sodium. If these concentrations were a result of leaching from the CKD, potassium 
and chloride concentrations should be much higher than sodium concentrations 
rather than the opposite. These conclusions are illustrated with graphs of 
groundwater sodium concentrations versus K:Na and Cl:Na values for groundwater 
samples (Figure 3). As shown in Figure 3, groundwater K:Na values are below 0.25 
and Cl/Na values are below 0.3, both of which are more than an order of magnitude 
below the K:Na >10 and Cl:Na >20 values expected for CKD and CKD leachate. 

CKD leachate testing data also suggests that the landfill is not the source of sodium 
in groundwater at MW-7. Table 4 is a summary of Synthetic Precipitation Leaching 
Procedure (SPLP) test data for CKD and alkali bypass dust generated from the 
Portland plant, from 2002 and 1999.  While the data set is limited, the results of both 
tests show that the concentrations of sodium (158 and 159 mg/L) are less than the 
recent and historical concentrations of sodium in groundwater at MW-7.  Based on 
these results it is not feasible that releases from the landfill could be the cause of the 
increasing sodium concentrations in groundwater at MW-7. Furthermore, the 
elevated chloride concentration in the alkali bypass dust from the SPLP test (4,600 
mg/L) relative to the sodium concentration (158 mg/L) results in a Cl:Na value of 29, 
generally consistent with the chloride to sodium ratio values greater than 20 in the 
CKD composition analysis results (Table 1). 

Groundwater data were evaluated further to better understand the potential cause of 
increasing sodium concentrations at MW-7. Figure 4 demonstrates little relation 
between sodium and sulfate concentrations for groundwater monitoring locations 
with the exception of MW-7, which shows a strong inverse relation between sodium 
and sulfate concentrations. These results suggest that water with different 
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compositional “types” is entering into the MW-7 monitoring well.  Trilinear diagrams, 
also known as Piper diagrams, were developed for select samples that had sufficient 
data for plotting.  As shown in Figure 5, most groundwater samples plotted within the 
calcium plus magnesium, sulfate [Ca+Mg–SO4] type water field shown in the upper 
portion of the diamond. However, the MW-7 2008 sample is shifted away from the 
primary group of samples towards the sodium plus potassium, bicarbonate [Na+K–
HCO3] type water while the MW-7 2009 sample is clearly a Na+K–HCO3 type water. 
These shifts in water composition occurred when depth to groundwater increased.  

MW-7 is completed within the Codell Sandstone and the underlying Blue Hill Shale. 
The MW-7 borehole was completed to a total depth of 70 feet below ground surface 
(ft bgs) with the upper 30 feet in the sandstone and the lower 40 feet in the 
underlying shale (Figure 6).  The borehole was backfilled with silica sand to a depth 
of 42 ft bgs. The borehole was cased and a slotted screen interval was completed 
from 17 to 42 feet bgs across both the sandstone and shale bedrock. When the 
depth to groundwater increases at MW-7, the proportion of groundwater that may be 
contributed from the shale increases and may result in the observed shifts in 
groundwater quality with increased depth to groundwater.  No other site groundwater 
monitoring wells intersect the Blue Hill Shale and no other site groundwater 
monitoring wells exhibit the wide variability in constituent concentrations observed at 
MW-7. The borehole log is included as Attachment 1 to this letter. 

2) Literature Data: 

The DRMS has requested that ARCADIS provide some discussion related to the 
referenced Report to Congress as to whether or not bio-solids are included in the 
characterization of CKD at similar cement plants.  The basis for this statement is that 
they indicated sludge samples analyzed for TR-06 suggest the addition of the bio-
solids alter the chemistry of that typical for CKD.  

Response: 

We are not aware of biosolids being used as an admixture for CKD at other cement 
plants, and we were not able to obtain any data in that regard. Biosolids were 
originally used as a dust control measure. However, biosolids have not been used at 
the Portland facility for at least 10 years and represent a small percentage of the total 
waste in the facility.  As such, it is unlikely that they will have a significant impact on 
the overall chemistry of the highly leachable constituents, such as potassium, 
sodium, and chloride present in the CKD and be observed in measurements taken 
10 years later.  
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3)  The use of the K/Na ratio: 

The DRMS has stated: “The 2009-2010 K:Na ratio for reported values are roughly 
0.05, an order of magnitude less. Furthermore, if Na concentrations continue to 
increase, while K concentrations remain essentially the same, the proposed ratio of 
0.5 will be quite easy to achieve. Of greater concern is that both Na and K 
concentrations could increase over time, but as long as the concentration of Na is at 
least twice that the K, the proposed standard would be met. Significant increases in 
either Na or K and Na should be viewed as a concern from the Division’s viewpoint. 
A greater discussion on the K:Na chemistry as it relates to CKD and a more 
compelling argument for the K:Na ratio needs to be provided to the Division before 
this approach can be considered.” 

Response: 

While we concur that significant increases in sodium or potassium should be closely 
monitored, the discussion provided in this letter has demonstrated that increases in 
sodium are not related to releases from CKD.  If they were, a correspondingly greater 
increase in potassium  concentration should be observed.  This is clearly not the 
case.  As shown in Figure 3, K:Na values for all site groundwater samples were less 
than 0.25 and most were less than 0.15; well below the K:Na value of greater than 10 
for CKD. When sodium concentrations increased in groundwater at MW-7, the K:Na 
value decreased substantially, demonstrating a behavior that is the opposite of what 
would be expected from contributions of CKD leachate. 

We believe that we have provided a convincing argument that the ratio of potassium 
and sodium is a useful indicator of CKD impacts.  ARCADIS has successfully used 
K:Na ratios in other states, particularly Michigan to assess impacts to groundwater 
from CKD waste areas.  A K:Na ratio threshold of 0.5 is a reasonable, and we 
believe conservative indicator of groundwater impact from CKD leaching. 

If the Division has additional questions or concerns about the suggested monitoring 
approach, we would suggest that a meeting be convened to further discuss this 
issue. Please let us know a convenient meeting time. 

Furthermore , we propose to  complete an additional round of groundwater 
monitoring at the site in December  In addition to the current list of parameters 
included in the GMP, we will analyze groundwater samples for chloride. 
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We look forward to your response.  Please contact me at 517.324 5052 (office) or 
517.927.3611 (cell) if you have any questions.  

Sincerely, 
ARCADIS 

 
 
 

Christopher S. Peters, CPG 
Vice President 
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Table 1. Compositional Concentrations for Alkali Bypass Dust at Holcim Portland Plant - 2014 (weight percent)

% % % % % % % % % %
SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O NaEq Cl

Average 15.4 4.2 1.98 46.89 1.33 4.95 0.43 5.14 3.81 8.1
Median 15.71 4.25 2.03 47.25 1.33 4.46 0.4 4.7 3.6 5.84
Std. Dev. 1.61 0.47 0.22 6.35 0.07 2.24 0.14 2.09 1.5 3.31
Maximum 18.11 5.21 2.43 60.94 1.62 11.25 1.01 12.64 9.14 19.3
Minimum 9.64 2.58 1.18 29.68 1.11 1.37 0.19 1.45 1.14 1.68
N 189 189 189 189 189 190 190 190 190 190

N = sample count

Source: Holcim (US) Inc.



Table 2. Summary of Compositional Potassium and Sodium Concentrations in Cement Kiln Dust/Alkali Bypass Dust 
Holcim (US) Inc. Plants (weight percent)

Plant Ada Devils Slide Dundee Midlothian Portland Trident Artesia Clarksville Holly Hill

Year/ Quarter

2005/1st ave.
Na2O 0.25 0.62 0.37 0.45 0.56 0.51 0.81 0.17 0.31 0.45
K2O 2.68 3.82 4.14 3.36 0.95 6.9 6.55 3.18 4.31 3.99
2005/2nd
Na2O 0.32 0.56 NA NA 0.61 0.49 NA 0.3 NA 0.46
K2O 2.14 3.7 NA NA 7.17 8.38 NA 3.74 NA 5.03
2005/3rd
Na2O 0.21 0.74 0.43 0.47 0.58 0.69 NA 0.24 NA 0.48
K2O 1.57 9.1 3.95 4.31 6.05 8.21 NA 3.77 NA 5.28
2005/4th
Na2O 0.15 0.65 0.4 0.27 0.38 NA NA 0.14 NA 0.35
K2O 1.81 8.99 3.7 3.57 7.64 NA NA 3.84 NA 4.9
2006/1st
Na2O 0.18 0.74 0.41 0.11 NA 0.11 1.5 0.19 NA 0.46
K2O 2.52 8.27 1.72 2.67 NA 3 9.97 2.97 NA 4.4

NA - data not available



Table 3. Historical Cl, K, and Na Concentrations in Monitoring Well MW-7
Holcim (US) Inc. Portland Plant (mg/L)

Date Cl K Na

9/11/1998 32.6 17 112
11/30/1999 26.5 13 144

5/5/2000 29.4 15.6 185
8/11/2000 25.9 16 164
11/7/2000 27.2 12.8 161

2/8/2001 27.6 11.2 177
5/21/2001 28.1 11.1 186

8/7/2003 25.0 J 11 170
3/1/2008 37 10.4 226
4/1/2009 42 7.2 236

J- concentration below reportable limit but above method detection limit



Table 4. Synthetic Precipitation Leaching Procedure Test Results
Holcim (US) Inc., Portland Plant

Date 11/14/2002 1999
Material Alkali Bypass Dust Sludge/CKD Mix

Parameter

Calcium 1680 251
Chloride 4600 77.2
Sodium 158 195
Sulfate 2680 3800
Conductivity (mS/cm) 29900 10600/12300
pH (std. units) 12.4 12.5/12.7

1999 sample from  Resource Geoscience, Inc. 1999.  Hydrogeologic Assessment Holnam, Inc. Portland, CO.  
       Prepared for Holnam, Inc. January 27, 1999.  
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• Sodium concentrations increase with 
increasing depth to groundwater

• Sulfate and potassium concentrations 
are inversely related to depth to 
groundwater

Figure 2. Sulfate, Sodium, and Potassium versus Depth to Groundwater
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Figure 3. Sodium Concentrations versus Potassium to Sodium and Chloride to Sodium Ratios
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Figure 5. General Geochemistry
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with increasing depth to water

• Contributions of water to MW‐7 
from different geologic strata

Ca+Mg–SO4
type water

Na+K–HCO3
type water

http://www.arcadis-us.com/
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Figure 6. MW‐7 Well Completion, Depth to Groundwater, and Water Quality

• MW‐7 completed within sandstone and shale bedrock

• Greater contribution of water from shale with greater depth to groundwater

• Groundwater in shale may have different composition than in overlying sandstone

http://www.arcadis-us.com/
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Boring Log for Monitoring Well MW-7 



.: 

WELL CONSlRUCTION AND 1 EST REPORT 
SlAlE OF COLORADO, OFFICE OF TI-lE STATE ENGINEER 

for Ollloo Uao onlr 

YfEbk(..OCATION.e&._DRILb.I;.Qi S£ 1/4 S£ 1/4, Sac. /7 Twp. _ _._/-''7.___ S 
DISTANCES FROM SEC. LINES: 

, Rnnga_G._8__ W 

ec::o fl. from ~ ..... -n... Sec. line. and 7 So n. from t!!o.sr Sec. line. OR 
-(mmlnraumnr -(launsnRJur 

SUBOIVISIC>N: :-----------LOT __ BLOCI<--... ___ FIUNG(UNll) __ _ 
STREET ADOREsskr WELL LOCATION: 

GROUND SURFACE ELEVATION So:£3. ¥ U. DRIWNG METHOD __ o._l_r_-__.:;.y-_o_+_Q..~Y"~j,__ ____ . 

fl. 

5. GEOLOGIC LOG: 6. HOLE OfAM. (ln.) From (rt) To (ll) 
UopU1 Uosclipllon ol Mntodal (fypo, Size, Color, Wator locaUon) B 0 70 

Wall Size 

~"" ¥o :ssJ,.. 'fo 

From(rt) To(ft) 
0 

9. PACKER PLACEMENT: 

Type------
·- ... :: .. ,·.::,;.· .... ·:. 

10. . GROUTING RECORD: . . :. :·. . . . -
Material Amount DensJty lntesval Placement Riiiwa=:================t ~e:.,. ·s:..J = £' , .. ..~J. It> -1s' · , ........ " --------------------· ar• ... t lr>' .s+J. 0 -to' __ ., __ _ 

Check box I Test Data Is submftled on Form No. GWS 39 Supplemental WeU Test. 
NA • 

........ ~- fL Dale{l1me measured %-H-1'8 . , Production Rale gpm. 
___ _.fL Date/Time measured • • · Tesllenglh (lvs.) ______ .

1 
I • 

3. I hM fttd Itt etattmenle mldt htrtln IC\CI know tlat oonltnll thereof, IRCI Utat U•Y artlrue· to my knowledge. (Pwsuanl to Secllon 24+104 
. . C.R.S..Iht making of alelemenla herein oonalitutee pecJwy In the aeoond degr~e and It punlahable as a class 1 misdemeanor.] 

•• • • • 9 ' .. • ••• 

CONTRACTOR . ' . 71 Uc. No. __ ... 

/ 
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