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8 Q. 

9 A. 

CROSS-SURREBUTTAL TESTIMONY 

OF 

CHARLES H. NORRIS, P.G. 

Case No. EA-2012-0281 

Please state your name and business address. 

My name is Charles H. Norris and my business address is Geo-Hydro, Inc., 1928 East 

10 14th Avenue, Denver, Colorado 80206. 

11 Q. What is your position with Geo-Hydro Inc.? 

12 A. I am its principal and its vice president, secretary, treasurer and CEO. I also am employed 

13 there as a professional geologist and as a hydrogeologist. 

14 Q. "Vhat is your educational and professional licensing background? 

15 A. I received my B.S. degree in Geology from the University of Illinois, and my M.S. 

16 degree in Geology from the University of Washington, where I was a National Science 

17 Foundation Fellow. I have completed all requirements for a Ph.D. in hydrogeology at the 

18 University of Illinois except for my dissertation. I am a licensed professional geologist in 

· 19 Missouri, Wisconsin, Wyoming, Indiana, Illinois, Kentucky, Virginia, Pennsylvania, and Utah, 

20 and a licensed environmental professional in Colorado. 

21 Q. Describe your employment experience. 
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1 A. I began my career as a geologist in 1972 and have worked continuously in the field ever 

2 smce. I spent the first 15 years in the petroleum industry \vorking for petroleum producers such 

3 as Amoco International and Shell, and then as an industry consultant, ovvning my own company 

4 in the early 1980s. From 1987-1992, I was employed by the University of Illinois in the 

5 Laboratory for Supercomputing in Hydrogeology with a non-teaching faculty appointment. In 

6 1996 I founded Geo-Hydro, Inc., where I have since \Vorked as a geologist with specialization in 

7 physical, geochemical and emironmental geology and hydrogeology. Geo-Hydro provides 

8 RIIFS & general site investigations, landfill services, and water resource development services. 

9 A copy of my CV is attached as Exhibit 1. 

10 Q. Are you familiar ''ith the disposal of coal combustion waste? 

11 A. Yes. Over the last 20 years, I have worked extensively with landfills and coal ash, coal 

12 combustion waste management issues, and waste isolation, including landfill lining issues. 

13 During that time my firm's clients have included utilities needing assistance with the disposal of 

14 coal wastes and clean up of coal-waste contamination, a municipality reviewing proposals for 

15 coal ash landfills, and coal mining companies, in addition to citizen's groups like Intervenors 

16 LEO and the Sierra Club. 

17 Q. Have you ever been qualified as an expert nitness nith regard to the disposal of coal 

18 ash from a coal-fired po'twr plant? 

19 A. Yes. I have testified as an expert at several administrative hearings in Indiana with 

20 regard to the disposal of coal ash from coal-fired power plants. 

21 Q. Ha·ve you ever been qualified as an expert nitness nith regard to the hydrology, 

22 performance, and monitoring oflandfills designed with composite liner systems? 
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A. Yes. I have qualified as an expert at several dozen siting hearings in Illinois in the fields 

2 of geology, hydrogeology, geochemistry as the apply to the hydrology, performance, and 

3 monitoring of municipal solid waste landfills with composite liners. 

I 4 Q. What is the purpose of your Cross-Surrebuttal Testimony in this proceeding? 

5 A. The purpose of my testimony is to respond to the Rebuttal Testimony of Staff witnesses 

6 John Cassidy and Claire Eubanks in this matter regarding the proposed expansion of Ameren's 

7 Labadie power plant in order to construct and operate a coal-combustion-waste-landfill. My 

8 testimony also responds to the Commission's Order of August 14, 2013 on pages 2 and 3 

9 regarding the existence of "studies, reports, or other documents examining alternative sites, 

1 o options) or possibilities>> for the disposal of coal ash from the Labadie power plant. 

I 11 Q. How is your testimony organized? 

12 A. My testimony will cover four specific topics. The first topic is the economic feasibility 

13 of Ameren's proposed UWL at the Labadie site. The second describes Ameren's qualifications 

, 14 to operate the proposed UWL. The third relates to the public interest and the final topic 

15 discusses alternatives to the proposed UWL. 

· 16 ECONOMIC FEASIBILITY OF PROPOSAL 

17 Q. Mr. Cassidy's Rebuttal Testimony (p. 5) states that "Ameren Missouri has provided 

18 analysis and cost studies to Staff that indicates that the Company has sufficiently evaluated 

19 the necessary capital costs and ongoing operating costs associated with the proposed 

20 project." To the best of your knowledge, have you reviewed all of the documents submitted 

21 by Ameren in response to the Staff's Data Requests in this proceeding? 

22 A. Yes. 
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1 Q. Has Ameren accounted for all of the capital and operating costs that will be 

2 associated l~ith its proposed construction and operation of a utility waste landfill at the 

3 proposed Labadie site? 

4 A. No. 

5 Q. Please describe the nature of the costs for which Ameren has not accounted, and 

6 explain your basis for determining that such costs v.ill likely be associated ·nith the 

7 proposed Labadie landfill? 

8 A. The documents provided by Ameren fail to identify capital and operating costs associated 

9 with at least three categories of activity. Not all costs associated with construction are included 

10 in the documents provided by Ameren. The costs associated with operations do not include all 

11 anticipatable and quantifiable expenses. And, the costs associated with closure and post closure 

12 activities do not reflect what will be needed. 

13 Q. \Vhat costs related to construction are not included in the documents provided by 

14 Ameren? 

15 A. Many of the construction materials necessary for the UWL will need to be imported 

16 because they are not available on-site. 11PSC Staff identified that the clay soils needed for the 

17 compacted clay liner under the landfill and the ponds, as described in Ameren 's Construction 

18 Permit Application (CPA) filed \Vith the Missouri Department of Natural Resources, would be 

19 imported. Staff requested in DR 12 that the cost of transporting that clay fromAmeren's 

20 Callaway facility be included. Although the detailed cost estimates provided in response to DR 

21 12 indicate that the clays for the liner are from offsite, Ameren declined to include the cost of 

22 transporting the clay from the only known location because it may be able to find a contractor 

23 that ·would provide it from some other location. \\'hether the clays for the liner come from 
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1 Callaway or some other offsite location, there will be transportation costs and those are not 

2 presently in the constmction costs. 

3 Q. Other than the transportation costs for importing the clay soils for the liner for the 

' 4 UWL, are there other missing costs? 

5 A. Yes, it appears so. 

6 Q. What other costs appear to be missing? 

7 A. As described in the CPA, there are insufficient available on-site soils of proper 

8 characteristics to constmct the berms. Similarly, there are insufficient available on-site soils of 

9 proper characteristics to constmct the platform beneath the waste disposal areas that are needed 

10 to lift the bottom of the landfill at least 2 feet above the natural water table. Some ofthose soil 

11 volumes will have to be imported from offsite as well. The detailed cost estimates provided in 

12 response to the DRs do not indicate that some of the general subgrade fill and benn soils will 

13 come from offsite, unlike line items for the liner clays. Further, the same price is indicated for 

14 all soils used for subgrade and berms, suggesting that the transportation costs of the offsite soils 

15 are not included in the costs provided to the MPSC. 

16 Q. What costs related to operations are not included in the documents provided by 

17 Ameren? 

18 A. The documents provided by Ameren do not include risk-adjusted costs associated with 

19 repairs to damage caused by known and quantifiable hazards specific to this site. These hazards 

20 include damage caused by flooding, damage caused by direct seismic impacts, and indirect 

21 seismic damage caused by subsequent earth movements such as liquefaction, subsidence, and 

22 slope failure. 
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1 Q. How should Ameren haye accounted for those costs? 

2 A. Floods and earthquakes occur with statistical patterns of magnitude and frequency, so the 

3 risk of a particular event is quantifiable. For a given event and a given design of a facility, the 

4 damage is predictable and so is the associated cost of the repair. If there is a defined risk of a 

5 particular event and a resulting cost of that event, there is an assignable risk-adjusted cost to the 

6 facility that should be included as part of repair and maintenance. Since different locations carry 

7 different risks and different repair costs, the risk-adjusted cost of statistical events such as 

8 earthquakes and floods should be included in costs of the proposed landfill. Without it, 

9 meaningful comparisons among potential sites with different levels of flood and earthquake risk 

10 cannot meaningfully be made. 

11 Q. \\'hat costs related to closure and post-closure acti\,ities are not included in the 

12 documents pro\ide by Ameren? 

13 A. The costs that are not included are those likely to arise after the formal post-closure 

14 monitoring and maintenance period. Unlike municipal landfills, for which danger declines as a 

IS function of time due to biogenic decay, intact UWLs show little or no decline of toxicity \Yith 

16 time; their inorganic contaminants persist indefinitely. The costs for risk-adjusted damage repair 

17 described above resulting from flood and seismic activities that occur after the UWL is closed 

18 are not among the costs shown in the documents provided. The costs do not include monitoring 

19 for and remediating any ground- and surface water contamination and fugitive utility waste after 

20 the post-closure period. 

21 Q. Are there any other waste-related costs associated \\ith the proposed UWL that are 

22 not included in the documents provided by nith the CCN application? 

23 A. Yes. 
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1 Q. And what are they? 

2 A Historical utility waste placement at the Labadie plant has produced a legacy of large 

3 volumes of utility wastes without containment that must be addressed and for which no plan and 

4 no associated budget is offered. The MPSC Staff recognized the significance of this legacy with 

5 DR 7 and DR 14.3, seeking an understanding of their ultimate fate. Ameren provided no answer 

6 beyond acknowledging there was no plan, no budget, and no action at this point beyond seeing 

7 what new regulations on the Federal level might entail. The response to DR 7 indicated a 

8 willingness by Ameren to simply leave these wastes in the existing ash ponds. 

9 Q. How does the fate of the existing ash ponds impact the costs of the planned UWL? 

10 A It does so in at least two ways. First, unlined ash ponds pollute groundwater and, often, 

11 surface water. This contamination is demonstrated across the country where such facilities have 

12 been monitored. As documented elsewhere in my testimony, Ameren is well aware of this 

13 contamination at its own facilities in Missouri and in Illinois. Although Ameren has yet to report 

14 on any investigations for groundwater contamination associated with its existing ash ponds, such 

15 contamination would affect the same alluvial aquifer that underlies the planned UWL. The 

16 Detailed Site Investigation (DSI) for the UWL demonstrates that contamination from the existing 

17 ash ponds would migrate from the ponds to and across the area of the UWL. This requires a 

18 substantially more sophisticated, and therefore expensive, monitoring program than Ameren has 

19 proposed to demonstrate that the UWL is not contaminating groundwater. 

20 Q. What is the second way the existing ash ponds impact the cost of the UWL? 

21 A. The unlined ash ponds contain the same utility wastes as will be disposed of in the UWL. 

22 ContalJlination in the leachate of those ponds contains the same constituents as will leachate 

23 from the UWL. Groundwater contamination sourced from the utility wastes in the existing ash 
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1 ponds would be indistinguishable from any leachate that was to escape the UWL. By interfering 

2 with the ability of Ameren to successfully monitor the UWL's performance, the existing ash 

3 ponds amplify the risks and costs of contamination and any subsequent remediation that 

4 becomes necessary. The documents provided by Ameren do not include these costs. 

5 Al\IEREN'S QUALIFICATIONS TO OPERATE THE PROPOSED LABADIE U\YL 

6 Q. Do you agree \\ith Ms. Eubanks' Rebuttal Testimony (p.4) that Ameren's experience 

7 thus far ~ith the U\VL at the Sioux power plant indicates that it is qualified to operate a 

8 U\YL at Labadie? 

9 A. No. 

10 Q. \Vhy not? 

11 A. Th ere is no information in the documents submitted in response to the DRs from the Staff 

12 that supports Ameren's ability to construct or operate a UWL. Most of the requests for 

13 information about the Sioux power plant were met with silence, whereas similar queries related 

14 to Rush Island or Meramec generated the requested infom1ation. In two responses that do 

15 include some Sioux infonnation, the responses to DR 8 and DR 17, the answers regarding the 

16 approval and start of construction of a dry-waste storage cell, which would be analogous to the 

17 planned U\VL at Labadie, are inconsistent on the time line. They are consistent, however, in 

18 stating that the cell is still under constmction and won't start operations until sometime next 

19 year. 

20 Q. Do you have concerns about Ameren's qualifications to operate the proposed 

21 Labadie U\YL? 

22 A. Yes. 
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1 Q. In summary, what are the bases for your concerns? 

2 A. Ameren's current and past handling of coal ash at Labadie does not support its 

3 qualifications to operate the planned UWL. Ameren has not addressed the implications of 

, 4 potential, and likely, groundwater contamination from its historic management of utility wastes 

5 at Labadie migrating from its existing ash pond toward and under the proposed UWL. The 

6 groundwater monitoring plan proposed by Ameren in Appendix Q of its CPA for the Labadie 

7 landfill demonstrates it is not qualified to operate the proposed UWL. Finally, Ameren's 

8 departures from responsible management of utility wastes at Labadie are not limited to Labadie. 

9 Ameren has a record of environmental problems operating utility waste facilities, evidenced 

10 elsewhere in Missouri but perhaps best documented in Illinois. 

, 11 Q. Please describe your concerns about Ameren's qualifications to operate the 

12 proposed Labadie UWL based on your knowledge of Ameren's current and past coal ash 

13 handling experience at the Labadie plant. 

14 A. When Ameren began generation at the Labadie plant it began disposal of its utility wastes 

15 in the unlined ash pond located on or excavated into alluvial sediments in the floodplain of the 

16 Missouri River, adjacent to the plant. In the early 1970s, this configuration was a common 

17 approach. It is now understood that utility waste disposal in unlined ponds on alluvial 

18 floodplains was not a good idea. The utility wastes readily leach inorganic contaminants into 

19 infiltrating water and contaminate the potable water resource of the alluvial aquifer. While this 

20 problem is thoroughly documented today at dozens or hundreds of facilities across the country, it 

21 was first identified at multiple sites by the early 1990s. Ameren became aware of the problem at 

22 least at its Meramec plant by the late 1980s. There, monitoring data collected in 1988 document 

23 utility waste leachate penetrating not only into the alluvial sediments below and downgradient of 
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1 the ash ponds, but reaching the bottom of the 80-100 ft thick alluvial aquifer. Appendix 1, 

2 CH2MHILL, 1997, Hydrogeologic Assessment of Potential Impacts ofMeramec Ash Ponds on 

3 Local Groundwater and Surface \Vater, prepared for Union Electric. This document, including 

4 Appendix 1 thereof, is attached hereto as Exhibit 2. 

5 Ameren apparently operated groundwater monitoring wells around the original Labadie 

6 ash pond subsequent to the documentation of ground\vater contamination at Meramec, although 

7 no monitoring data has, to my knowledge, been made available. In response to DR 14, Ameren 

8 provided the June 1992 construction pem1it for the newer ash pond. Page two of the permit 

9 suggests that there existed in 1992 ground\vater monitoring wells that \:muld be sealed during 

10 construction of the ne\v ash pond. Union Electric's Aprill992 "Specification No. EC-2574 for 

11 Construction ofNew Ash Pond, Labadie Plant," a document not provided to MPSC Staff in 

12 response to DR 14, establishes there were monitoring wells and provides specifications for their 

13 abandonment as part of the construction. The Specification document also discusses in detail 

14 soils, depths of excavation, use and borrow of soils for berms and liner, and other design and 

15 construction details responsive to DR 14 but not produced by Ameren. The Specification 

16 document is attached hereto as Exhibit 3. 

17 The 20ll NPDES permit reapplication provided in response to DR 14.2 discusses lateral 

18 leakage from the flanks of the original ash pond, which leakage was first acknowledged by 

19 Ameren in 1992 in an earlier NPDES pem1it reapplication. In the 1992 reapplication, the larger 

20 of the lateral leaks \Vas estimated at 32 gallons per minute. In 1992 Ameren dismissed the leak 

21 as not significant enough to regulate, because the water seeped into the ground (i.e., became 

22 groundwater) and did not discharge as surface water. In the 2011 reapplication, the leak \Vas 

23 characterized as having been remediated because the area of the leak and infiltration seepage had 
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1 been covered with filL Burying a seep does not remediate it; it merely hides it from sight The 

2 ongoing leakage from this unlined ash pond could be causing significant groundwater 

3 contamination. Ameren has neither disclosed the results of the pre-1992 groundwater 

4 monitoring nor, to my knowledge, undertaken any monitoring to characterize the impact of the 

5 ash ponds on the groundwater at or leaving the plant site. 

6 Q. Please describe your concerns about Ameren's qualifications to operate the 

7 proposed Labadie U\VL based on the possibility that coal ash pollutants may have 

8 contaminated or may be migrating toward groundwater at the proposed Labadie UWL 

9 site. 

10 A. As just discussed, coal ash disposed in unlined ponds discharges leachate from the pond 

11 bottoms vertically into underlying groundwater, especially when those ponds are located above 

12 or excavated into permeable soils such as alluvial sediment. There may also be leachate 

13 discharging laterally from an ash pond that infiltrates to groundwater, as occurs at Labadie, or 

14 discharges to surface water. The contamination from such discharges is observed with such 

15 frequency when monitored, it must be considered the norm or the expectation. 

16 The groundwater flow direction at Labadie in the alluvial aquifer is from the existing ash 

17 ponds and toward and through the area of the proposed UWL. This flow direction was 

18 documented over the full course of the year for which water elevation data were collected for the 

19 DSI (Figures 18 through 29) and provided to the MPSC Staff in response to DR 2.2. Any 

20 contamination that leaks from the existing ponds is being transported toward and across the area 

21 of the planned UWL. The documented flow pattern is consistent across seasons and there is no 

22 reason to believe it has not existed for decades. 
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1 Although there is no ambiguity as to ·where contamination in groundwater would be 

2 flowing, there are no data indicating the concentrations of that contamination. Each of over 100 

3 piezometers \Yas visited monthly over a period of a year to collect data for the DSI, but there is 

4 not a single chemical analysis reported for any piezometer as part of that investigation. 

5 Documents from 1992, discussed above, indicate there were, for a period prior to 1992, 

6 ground\vater monitoring \Veils east of the original Labadie ash pond. If there was water quality 

7 monitoring from those wells, it has not been made available. 

8 Groundwater data regarding the existing plant site and the proposed UWL site are now 

9 expected to be collected, but will not be available before the Commission is expected to make its 

10 decision in this matter or before the MDNR is expected to make its decision regarding the 

11 Construction Permit Application. Based on a draft permit published in February 2013 and 

12 withdrawn in March 2013, MDNR is expected to include groundwater monitoring pennits in a 

13 revised ~"TDES permit for the Labadie plant. The current permit expired in 1999. The draft 

14 provisions would not require Ameren to commence groundwater monitoring until3 years after 

15 the revised permit is issued, or to submit monitoring data until 4 Yz years after the permit is 

16 issued. 

17 The existence, location, and concentration of any contaminant plume passing under the 

18 U\VL are not academic curiosities. They are material to the function of the U\VL monitoring 

19 plan and, most importantly, the protection of the potable water resource of the alluvial aquifer on 

20 ·which the community relies. In my opinion, Ameren's plan to build a large new coal ash landfill 

21 before obtaining meaningful groundw,.ater data regarding the existing plant and the proposed 

22 U\VL site demonstrates that it is not qualified to operate the proposed UWL in a responsible 

23 manner. 
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Q. Please describe your concerns about Ameren's qualifications to operate the 

2 proposed Labadie UWL based on the adequacy of its plan to monitor groundwater at the 

3 proposed UWL site. 

4 A. In addition to the concerns discussed above, there are issues related to the design of the 

5 groundwater monitoring program proposed by Ameren for the UWL. As the program is 

6 designed, it will unable to detect a breach or flaw in the liner system that allows leachate to leak 

7 into the alluvial aquifer. That inability to detect contamination is a fundamental characteristic of 

8 the monitoring plan that is independent of any preexisting or yet-to-arrive contaminant plume 

9 from the existing ash ponds. The danger of this monitoring plan is compound. It will not detect 

10 contamination if, or when, it occurs. 

ll Q. Please describe your concerns about Ameren's qualifications to operate the 

12 proposed Labadie U\VL based on documented groundwater contamination at Ameren's 

13 Illinois coal plants. 

14 A. Ameren 's Illinois subsidiaries/affiliates have developed an extensive list of coal ash 

15 disposal sites contaminating ground- and/or surface water. Persistent groundwater 

16 contamination at some of these sites has resulted in Violation Notices issued to Ameren by the 

17 Illinois Environmental Protection Agency (IEPA). In each of the four examples cited below, the 

18 notices of violation given in 2012 have been followed by Notices oflntent to Pursue Legal 

19 Action this year. 

20 At the Grand Tower Generating Station in Grand Tower IL, IEPA issued a notice of 

21 violation in June 2012 for groundwater exceedences by multiple contaminants at 4 monitoring 

22 wells during years 2010-2012. The facility is an unlined ash pond put it service in 1951. The 

23 station is adjacent to the Mississippi River. 
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1 At Coffeen Generating Station in Montgomery County IL, the IEPA issued a notice of 

2 violation in June 2012 for ground\vater exceedences by multiple contaminants at 3 monitoring 

3 wells during years 2010-2012. The facility uses an unlined ash pond put it service in 1979 and a 

4 lined landfill put in service in 2010. The station is adjacent to Coffeen Lake in south-central 

5 Illinois. 

6 At the Meredosia Generating Station in Meredosia IL, IEPA issued a notice of violation 

7 June 2012 for groundwater exceedences by multiple contaminants at 4 monitoring wells over a 

8 period of2010-2012. The facility uses an unlined fly ash pond put in service in 1968 and an 

9 unlined bottom ash pond put in service in 1972. The station is adjacent to the Illinois River. 

10 At the Ne\\ion Generating Station in Ne\\ion IL, IEPA issued a notice of violation in 

11 June 2012 for ground\vater exceedences by multiple contaminants at 3 monitoring wells over a 

12 period of2010-2012. The facility has t\vo unlined ash ponds put in service in 1977 and a lined 

13 landfill with cells put in service in 1997 and 2011. The station is adjacent to Ne\\ion Lake. 

14 PUBLIC INTEREST 

15 Q. Do you agree l~ith Ms. Eubanks' statement in pre-filed Rebuttal Testimony (pp. 4-5) 

16 that Ameren's proposed Labadie U\VL promotes the public interest? 

17 A. No. 

18 Q. Please explain. 

19 A. The Labadie site carries risks of environmental and human health damage that can and 

20 should be avoided. As is discussed elsewhere in my testimony, choosing an alternative location 

21 can readily reduce the earthquake risk. It is even more transparent how to reduce the risk of 

22 damage by flooding; choose an alternative site outside the floodplain of one of Missouri's major 

23 rivers. Putting reactive wastes atop huge, unprotected shallow aquifers is not in the public 
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1 interest. Utility wastes essential last forever. The engineered containment does not. If the utility 

2 waste is set on or in an alluvial aquifer, that aquifer will likely eventually be contaminated by it. 

3 Remediating the contamination of such an aquifer, if it can be done, will likely be far more 

4 expensive than using an alternative site. 

5 Q. Ms. Eubanks states (p. 6) that the proposed U\VL is an improvement over the 

6 existing ponds. She seems to acknowledge (p.7) that there currently are no closure 

7 requirements for the existing ash ponds at the Labadie power plant. Does Ameren's 

8 construction permit application for the proposed Labadie UWL indicate that Ameren plans 

9 to keep the existing ash ponds in operation or close them? 

10 A. Ameren's CPA includes operations that clearly anticipate the existing ponds are expected 

11 to remain open, or at least the ash will remain in place. In addressing the potential episodic need 

12 for rapid placement of waste in new cells, particularly in response to uplift threats from 

13 imminent flooding before a new cell has sufficient fill, the CPA uses borrow from the existing 

14 ash ponds as an option. In another part of the CPA, the existing ash ponds, and their discharge to 

15 Outlet 002, are used for discharge of excess contact water that may under some circumstances 

16 exceed needs of the UWL. 

17 In the response to DR 7, Ameren indicated it did not know what would happen to the ash 

18 in the existing ponds or the ponds themselves. Ameren stated that closure in place was an option 

19 that might prove viable. In that case, the ash ponds would not be active, but the ash would still 

20 remain at the site permanently. 

21 Q. If the ash ponds are not dosed, what risks might they pose both to Ameren and to its 

22 neighbors in the future? 

15 
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1 A The risks from the ash ponds in the future are what the risks are now; that they are, or 

2 will in the future, leak and contaminate ground- and or surface water. That risk will persist so 

3 long as the ash remains in the ponds. 

4 Q. To what extent would the proposed U\VL next to the Labadie power plant add to, 

5 rather than reduce, the risks posed by the existing ash ponds? 

6 A The risks associated with the proposed UWL are risks associated with seismic damage, 

7 up to and including catastrophic failure; damage related to flooding, up to and including failure 

8 of \Vaste containment; and detected or undetected groundwater contamination resulting from 

9 failure of, or flaws in, the liner systems and/or leachate management. Each and all of these risks 

10 are attributable to the UWL and are additive to risks associated with the existing ash ponds. 

11 Q. Ms. Eubanks states (p.7) that the liner for the proposed U\VL "is based on future 

12 environm ental regulations," referring (p. 6) to proposed regulations published by the 

13 United Sta tes Emironmental Protection Agency (EPA) in June 2010. Are you familiar with 

14 the EPA's June 2010 proposed regulations that, ·when finalized, would constitute the first 

15 federal regulations governing coal ash disposal? 

16 A Yes. 

17 Q. Does Ameren's proposed Labadie U\VL comply nith the requirement in EPA's 

18 proposed regulations that the base of a U\VL's liner must be at least two feet above the 

19 upper limit of the natural water table? 

20 Proposed new 40 CFR §257.60 Placement above the natural \Vater table 

21 (a) New CCR landfills and new CCR surface impoundments and lateral expansions must 
22 be constructed with a base that is located a minimum of two feet above the upper limit of 
23 the natural water table. 
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1 (b) For purposes of this section, natural water table means the natural level at which 
2 water stands in a shallow well open along its length and penetrating the surficial deposits 
3 just deeply enough to encounter standing water at the bottom. This level is uninfluenced 
4 by groundwater pumping or other engineered activities. 
5 
6 No, it does not. 

7 Q. Based on your review of Ameren 's most recent construction permit application 

8 submitted to the Department of Natural Resources in August 2013, what is Ameren 

9 proposing in terms of the separation, if any, between the base of the proposed UWL and the 

· 10 upper limit of the natural water table? 

11 A. For the purposes of answering this question, I will accept the erroneous assumption ofthe 

12 DSI authors that the potential data of the DSI represent the elevation of the water table. The 

13 observed potentials on June 10, 2010 in the vicinity of the sumps for the proposed UWL were 

14 approximately 464.75. Appendix Z of the CPA projects the post-settlement elevation of the base 

15 of the liner under the sumps to be 462.2 feet. If the same settlement estimate is applied to the 

16 bottom of a cell as to the sump, 0.8 ft, the elevation of the bottom of the cell would be projected 

17 to be at an elevation of 465.2 ft. 

18 For the upper limit of the natural water table as observed in 2010, the bottom of the liner 

19 in the sump area is about 2.55 ft below the water table. Alternatively expressed, the natural 

20 water table at the upper limit is about 0.55 ft above the HOPE liner. At the low point of the cell, 

21 the upper limit of the natural water table observed in 2010 is separated from the bottom of the 

22 liner by 0.45 ft. 

23 Q. What costs could that design pose for Ameren that are not addressed in the 

24 documents submitted in this proceeding? 

17 
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1 A. In order to bring the post-settlement separation of the liner bottom at the sumps from the 

2 upper limit ofthe natural water table recorded June 10, 2010, the fill platform upon which the 

3 UWL is to be built v;ould need to be raised by about 4.5 feet. At a minimum, that change would 

4 require bringing significant additional off-site soils to the site. 

5 NEED FOR LANDFILL AT LABADIE LOCATION/ALTERNATIVES 

6 Q. Have you read and are you familiar nith the Rebuttal Testimony of Staff \Yitness 

7 John Cassidy and Claire Eubanks? 

8 A. Yes. 

9 Q. In response to the question," Has the Company examined the costs associated with its 

10 proposed construction of an additional landfill to dispose of coal combustion residuals 

11 ("CCR's") on land adjacent to the current land occupied by the Labadie Energy Center in 

12 comparison \lith other waste disposal options?" (Cassidy, p. 4), Mr. Cassidy testified, in 

13 part, "Ameren indicated to Staff in Response to Staff Data Request No.2 that it had 

14 engaged the services of Reitz & Jens Consulting Engineers ("R&J") \Vhile in the planning 

15 stages of the Labadie Energy Center U\YL project to review alternatives for disposal of 

16 CCR's produced at the Labadie Energy Center. R&J completed such a study for Ameren 

17 Missouri which examined 22 possible sites across the region." Based upon your re\ie\v of 

18 the documents, are these correct summarizations of the Ameren response and submitted 

19 documents in response to Data Request 2? 

20 A. No. 

21 Q. \Vhy not? 

18 
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1 A. Mr. Cassidy's response does not accurately reflect the contents of the attachments to DR 

2 2, the relationships among the attachments, or the significance of the time line of their 

3 generation. As a result, the conclusions he draws from these documents further in this answer 

4 ("Therefore, according to the R&J study, the proposed Ameren Missouri owned UWL located 

5 adjacent to the Labadie Energy Center represents the lowest cost option for a UWL that is 

6 available to Ameren Missouri at this time.") is without support and is in error. 

7 Q. Is Ms Eubanks' understanding of the documents submitted with the Ameren 

8 response to DR 2 similar to Mr. Cassidy's? 

9 A No, it appears to differ significantly? 

10 Q. In what way does Ms Eubanks' understanding ofthe DR 2 documents differ? 

11 A Mr. Cassidy's testimony and conclusions are consistent with a perception that all of the 

12 documents submitted with DR 2 relate to cost considerations for siting the UWL on-site at 

13 Labadie. Ms Eubanks' testimony on the siting of the UWL at Labadie (pp. 7 and 8) clearly 

14 indicate she appreciated that some of the DR 2 documents are from technical studies and deal 

15 with technical issues and some are from financial or cost studies. Her conclusions reflect that 

16 understanding. 

17 Q \Vhat information did DR 2 seek? 

18 A. Staff DR 2 seeks verification and documentation that a company owned landfill on-site at 

19 Labadie Energy Center is "the best option which minimizes cost as well as environmental and 

20 land use impacts ... " 

21 Q. ·what documents were requested of Ameren and what documents were included in 

22 in Ameren's response to DR2? 

19 
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1 A. DR 2 requested an explanation of the answer and copies of all documentation and studies 

2 relied upon by Ameren to reach its determination. In response, Ameren provided 5 documents: 

3 (1) a one-page spreadsheet generated by Ameren surveying dumping fees from 6 commercial 

4 landfills and hauling costs from two trucking firms, identified with the initials WEK and dated 

5 September 25, 2003; (2) an 11-page feasibility study done by Reitz & Jens, Inc., dated June 8, 

6 2004; (3) a one-page spreadsheet and accompanying locations map documenting 22 "Sites 

7 Evaluated for possible Utility Waste Landfill" produced by Reitz & Jens, Inc., for AmerenUE 

8 Rush Island Plant, dated June 13, 2008; (4) an undated power point presentation by Reitz & Jens, 

9 Inc., for AmerenUE, presenting and evaluating the data from item (3); and (5) an email exchange 

10 between Paul Reitz ofReitz & Jens, Inc., and Doug \Veible ofFWI dated August 18,2010, 

11 verifying a non-binding proposal of rates for disposing of L-abadie ash at FWI's North Landfill. 

12 Q. Do these documents support the conclusion that the proposed on-site U\VL is the 

13 lon·est cost option for the disposal of coal ash from the Labadie plant? 

14 A. No. They do not. 

IS Q. \Vhat does each of these documents show ·nith respect to the cost of disposing on-

16 site at Labadie? 

17 A. The 2003/2004 documents indicate that an onsite landfill operated by Ameren may be a 

18 cheaper option than disposing of the coal ash generated by each of Ameren's four St. Louis area 

19 power plants when compared to disposal at a landfill operated by a third party. The 201 0 

20 tipping-fee shows that 3rd party rates have remained generally consistent since the 2003 survey 

21 and that waste transport by rail is substantially cheaper than that by truck. 

20 
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I Q. Do the documents provide any comparisons for the cost of disposing of Labadie 

2 utility wastes at Labadie '"ith doing so at an alternative site? 

: 3 A. No. 

4 Q. Do you see any evidence that Ameren considered "22 possible sites across the 

5 region" as alternatives to the proposed Labadie site? 

6 A. No. The evidence does not support this conclusion. The feasibility study 

7 identified waste hauling as a key cost factor in landfill disposal of ash. Had there been a search 

8 for alternatives to onsite disposal of Labadie ash, that search would logically have centered, at 

9 least approximately, on the Labadie Plant, with a bias westward toward less developed areas, 

10 more easily traveled roads, and presumably cheaper land. Yet each of the 22-matrix sites is 

11 across the St. Louis metropolitan area from Labadie, and the closest site on the matrix is 29 

12 miles from Labadie. If only from the geography, it appears that the 22-site matrix was not an 

13 evaluation of options for a UWL at Labadie. The 22-site matrix was an initial, non-financial 

14 evaluation of sites in the vicinity of Rush Island to find location for a self-managed UWL for ash 

15 from Ameren's Rush Island and Meramec power plants. 

16 Q. What did Ameren consider when looking for a site to dispose of the Rush Island 

17 and Meramec plant ash? 

18 A. In addition to basic identification and geographic data, the layout of the 2008 22-site 

19 matrix indicates Ameren considered at each site's Strengths, Weaknesses, and Comments in the 

20 last three columns of the matrix. The most consistently cited weaknesses are floodplains, the 

. 21 need for berms, the unavailability of onsite clay, wetlands, and geology (i.e., karst). The most 

22 consistently cited strengths were proximity to the plant and geology (i.e., lack of karst). 

21 
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1 Q. Using the criteria Ameren used on the 22-site matrix it considered for the Rush 

2 Island and Meramec ash, ·would the proposed Labadie site be a strong choice for U\VL? 

3 A. Based upon \vhat were pluses and minuses in the site comparisons for Rush Island 

4 ash, Labadie would seemingly be an unlikely choice for a U\\'L. Other than its proximity to the 

5 Labadie Plant, there are only weaknesses. The Labadie site is on a floodplain, it is full of 

6 '"·etlands, it needs berms, it requires clay importation and it has bedrock geology beneath the 

7 alluvium that commonly exhibits karst features. 

8 Q. \Vhat results did Ameren produce using the matrix to evaluate alternative 

9 locations for disposal of Rush Island and l\Ieramec waste? 

10 A. As reported in the undated power point presentation on the 22 sites on the matrix, 7 

11 sites at four locations made the cut as potential UWl sites (page 6 of 23). Of these, two were at 

12 Rush Island itself and 5 sites at three locations were within 6.4 miles of Rush Island. However, 

13 another site, not from the 22-site matrix also made the cut --Labadie Regional. Although no 

14 documents indicate how or \Vhen the decision was made, Labadie was clearly a "go", as a 

15 regional UWL, by the time of the power point presentation. 

16 Q. Did Ameren evaluate the Labadie Regional site's strengths and 

17 weaknesses as it did the other 22 sites? 

18 A. No, it does not appear on the 22-site matrix. In spite of its environmental, location 

19 and geologic weaknesses and in spite of it being 43 miles away (Response to DR 2.5), across an 

20 urban corridor, the Labadie Regional site was added to the short list of sites considered for 

21 disposal of Rush Island and Meramec waste. The 22-site matrix was not generated or used to 

22 decide whether Ameren would pursue onsite disposal at Labadie. Any comparisons were 

22 
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1 focused on whether or not disposal of Rush Island and Meramec ash at Labadie could be 

2 justified. 

3 Q. Does Ameren claim to have considered "22 possible sites across the region" 

4 as alternatives to the proposed Labadie site? Schedule 3, at 1 

5 A. No, it doesn't. Ameren's response to part 2 of DR 2 does, however, blur the distinctions 

6 among the purposes, activities, and time lines of the submitted documents and discrete events 

7 impacting or being impacted by the documents. Ameren's answer might create that perception 

8 only if one does not look closely enough. The 2003 tipping fee survey and the 2004 feasibility 

9 study considered whether or not it might make sense for Ameren to self-manage utility wastes as 

' I 0 opposed to using a third-party's landfill, and if so, under what circumstances and settings would 

11 the choice make sense. The 2008 matrix comparison was a tool to evaluate potential sites 

12 around Rush Island for self-disposal of Rush Island ash and resulted from Ameren's previous 

13 decision to self-manage utility wastes. The expected Labadie Regional UWL was considered as 

14 one possibility for self-management of the Rush Island ash. The 2010 spot price check of one 

15 commercial alternative appears to have been motivated to test the impacts of reducing Labadie 

16 from a regional self-management UWL to one only serving the Labadie Plant, in the light of the 

17 Franklin County zoning decision. 

18 Q. Could Ameren find alternative sites for the proposed Labadie landfill that were not 

19 in the floodplain? 

20 A. Yes. Avoiding floodplains is straightforward and easily accomplished. 

21 Q. Could Ameren find alternative sites for the proposed Labadie landfill that were not 

22 in a seismic impact zone? 

23 
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1 A. Yes. In Missouri, as one moves west and further from the New Madrid seismic area, the 

2 severity and frequency of seismic events decline. Not far west of Franklin County, that risk has 

3 declined to the point that, while there may still be earthquakes, the activity falls below that 

4 defined as a seismic impact zone. 

5 Q. Could Ameren find alternative sites for the proposed Labadie landfill that were 

6 along rail lines? 

7 A. Yes, readily. The rail lines that bring PRB coal trains to Labadie return empty to the west 

8 and have available trunk routes cross Missouri outside the confines of major floodplains. 

9 Q. Has your firm looked at places ·nithin a 166-mile distance of the Labadie site that 

10 are not in the floodplain, not in a seismic impact zone, not in karst or sinkhole-prone areas 

11 and located along rail transportation? 

12 A. Yes, at a qualitative lewl. We have generated maps that composite GIS data from public 

13 and governmental data sets many and large areas that meet those criteria. We have not attempted 

14 to identify individual sites. I have attached three maps that show where those areas are located. 

15 The first, Exhibit 4, shows the seismic hazard map across Missouri. The second map, Exhibit 5, 

16 sho·ws railroads and major rivers within 165 miles west of the Labadie site. The third map, 

17 Exhibit 6, shows railroads, faults, sinkholes and landslide potential within 165 miles west of the 

18 Labadie site. 

19 Q. Does this conclude your Cross- Surrebuttal Testimony? 

20 A Yes. 

21 
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.BEFORE THE PUBLIC SERVICE COMMISSION 
OF THE STATE OF MISSOURI 

In the Matter of the Application of Union Electric 
Com~wy d!b/aAmercn MissOl!ri for Pennission and 
Approval and a Certilicate of Public Conven:icnce and 
Necessity Authorizing lt to Construct, Instull, Own, 
Operate, Maintain and Otherwise Cot1trol and Manage 
A Utility Waste Landfill and Related Facilities at its ) 
Labadje Energy Center 

) 
) 
) 
) 
) 

) 

File No. RA-2012~028! 

AFFIDAVIT OF ~~HARLES H. NORRIS, P.G. 

STATE OF COLORADO 

CITY OF DENVER 

) 
) ss 
) 

Charles H. Norris, being first duly sworn on his outh, states: 

1. My name i:) Charles H. Norris. I work in Denver. Colorado and arn employed by Oco-

Hydro, Inc. as a professional geologist and a hydrogeo1ogist. 

2. Attached hereto and made a part JJ~.reofis my Cross-Surrebuttal Tt:,'>timony on behalf 

oflntervcnors Labadie Environmental Organizatjon and Sien·a Club. The testimony 

consists of .1_z{age.s and has been prepared for intwduction into evidence 1n the 

above-referenced matter. 

3. I hereby swear m1d affim1 that my ans\'>'-ers co11tained in the attached testimony arc 

true and correct to the best of my knowledge and belief/ / , V::---J· ·") , 
_(/td&-~:/&~ 
Charles H. Norri1> 

Sub"'ribcd and sworn to before me this / 3 day of September~ /J J 
fl t1.~1.lJA __ 
Notary Public c:=(} 

My Commission expires: 1 /i!J/P 
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Charles H. Norris, P.G. 

SUMMARY OF QUALIF1CA TIONS 

Thirty plus years of professional experience in geology, hydrogeology and management in the applied and 
theoretical geosciences. Experience includes performance, oversight review, or management of site 
assessment; RI/FS; computer modeling of fluid flow, contaminant transport, and geochemistry 
(applications and code development); policy and rule making procedures; aquifer evaluation; resource 
development; and litigation support; nationwide and internationally. 

PROFESSIONAL EXPERIENCE 
Geo-Hydro, Inc., (1996-prcsent), Principle, CEO 
Hydro-Search, Inc., (1992-1996), Director of Hydrogeology 
University Of illinois at Champaign, (1987 -1992), Research Associate; Manager, Industrial Consortium for 

Research and Education for the Laboratory for Supercomputing in Hydrogeology 
Consulting Hydrogeologist/Geologist, Champaign, Illinois and Denver, Colorado, (1980-1992) 
MGF Oil Corporation, (1985- 1986), Manager Geological Engineering 
Emerald Gas and Oil, (1980- 1986), President and O·wner 
Petro-Lewis Corporation, (1980), District Geologist 
Tenneco Oil Company, (1977-1980), Senior Geological Engineer 
Amoco International Oil Company, (1975-1977), Senior Geologist 
Shell Oil Company, {1972-1975), Exploration Geologist 

PROFESSIONAL R.EGISTRA TIONS, MEMBERSHIPS, A.cl\'D AFFILL<\ TIO:\"S 
Professional Geologist: Illinois (No. 196-001082), Indiana (No. 2100), Kentucky (No. KY-2470), Missouri 
(No. 2011012527), Pennsylvania (PG003994), Utah (No. 5532631-2250), Virginia (No. 2801 001834), 
Wisconsin (No. 924), Wyoming (No. 2989) 
Registered Environmental Professional (#5350), State of Colorado, Petroleum Storage Tank Fund 

National Ground Water Association 
Colorado Groundwater Association (Vice President 1999, President 2000, Past-President 2001) 

Phi Beta Kappa, Phi Kappa Phi, Sigma Xi 

EDUCATION 
B.S., Geology, University oflllinois, High Honors and Distinction in Geology, 1969 
M.S., Geology, University of Washington, National Science Foundation Fellow, 1970 
University of illinois, all but dissertation completed for Ph. D., Hydrogeology, 1992 
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Select Project Experience 

RIIFS and Site Investigations 

• Manager for technical assistance through a Technical Assistance Program (TAP) grant from PRPs 
to local citizens' group. Assistance through grant to provide assessment and feedback on site work 
products as they are developed and implemented, explain the remediation processes and activities 
to the citizens, and serve as technical liaison between citizens and remediation team. 

!> Modeler and hydrogeologic consultant at industrial tank farm adjacent to the Chicago Sanitary and 
Ship Canal in northeastern illinois. Assess hydrogeologic data, interpret aquifer testing, and model 
groundwater flow in soil and fractured carbonate bedrock in area ofDNAPL accumulation as part 
of site characterization and voluntary remediation design. 

• Manager and Hydrogeologist of groundwater investigation at an industrial dump site adjacent to 
the Illinois River in north Central lllinois. Investigated fate and transport of 3-4 decades of disposal 
of mixed, hazardous industrial wastes at a non~engineered floodplain dump site. Expert testimony 
and legal support. Pre-trial settlement provided for installation of monitoring system in lieu of site 
characterization. 

• Manager of groundwater flow modeling performed as part of the groundwater characterization 
effort and as part of the preliminary remedial designs. The site is a Superfund site involving both 
organic and metals contaminants at a wood treating facility in an urban area in Alabarna adjacent to 
a major commercial waterway. 

• Manager of groundwater flow modeling performed as part of the groundwater characterization 
effort and as part of the 90% and fmal remedial designs. The site is a high profile Superfund site 
involving both organic and metals contaminants at a wood treating facility in Northern California. 

• Technical Advisor assisting in the evaluation of aquifer propetties and well performances for an 
extraction well field near Sacramento CA. A high volUJ11e pump and treat system for chlorinated 
solvents showed strong and anomalous decline in productivity. Detailed evaluation identified both 
possible causes and recommended operations changes to alleviat~ the problems. 

• Technical Advisor assisting in the evaluation of aquifer properties and well performances for initial 
installation of a high volume extraction well field in Southern California. The chlorinated solvent 
plume associated with a Superfund site impacted a large area in a layered, heterogeneous 
groundwater basin managed intensively for public water supplies. 

• Senior oversight and review in the evaluation of aquifer and soil properties, and the remediation of 
the soils contamination and groundwater impacts associated with compressor facilities of interstate 
gas transmission companies. Various projects and sites in western Colorado, Wyoill.ing, and the 
Texas panhandle. 

• Technical Advisor for the Remedial Investigation/Feasibility Study (Rl/FS) of the Landfill Solids 
and Gases Operable Units at the Lowry Landfill CERCLA site located near Denver, Colorado. 
This project involves the characterization of the extent of potential contan1ination within the 
Utlsatunrted ZCille adjacent to this high profile site. Work involves extensive coordination and 
interaction with multiple PRP groups as well as various regulatory agencies. 

• Project Manager for independent oversight of a proposed low-level radioactive waste disposal site. 
Task was to develop technical and legal program for governmentally funded intervener's case as 
part of adjudicatory hearings on a high~ profile, proposed disposal facility and involved identifying, 
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retaining and educating legal staff, retaining a team of technical experts, negotiating fees, 
coordinating work product and presentations, providing liaison with citizen's groups, responding to 
press and integrating personal testimony on hydrogeology and modeling. Expert testimony and 
legal support. 

Landfill Services 

• Project Manager and Hydrogeologist for a geologic and hydrogeologic assessment of existing 
water quality and off-site migration from existing licensed landfill ncar Joliet IL. Work includes 
groundwater flow modeling of remedial alternatives and groundwater impact assessments of 
various alternatives for submittal to lEPA. 

• Project Manager and Hydrogeologist for a geologic and hydrogeologic assessment for siting of a 
proposed expansion for a hazardous waste landfill in Peoria County, lllinois. Expert testimony and 
legal support. Review identified errors in application, unaddressed contamination on facility 
property, and inappropriate modeling design and implementation. 

• Project Manager and Hydro geologist for a geologic and hydrogeologic assessment for siting of a 
proposed regional landfill by expansion oflocallandfill in Ogle County, lllinois. Expert testimony 
and legal support. Review identified in errors application, unaddressed existing leakage, and 
potential risk to public water supply. {Three hearings) 

• Project Manager and Hydro geologist for a geologic and hydrogeologic assessment for siting of a 
proposed regional landfill by expansion of local landfill in Kankakee County, Illinois. Expert 
testimony and legal support. Review identified errors in application, unaddressed existing off-site 
leakage, and inappropriate modeling design and implementation. (Two hearings) 

• Project Manager and Hydro geologist for a geologic and hydrogeologic assessment of a proposed 
regional landfill in Will County, Illinois. Expert testimony and legal support. Research 
documented numerous errors in application which resulted in underestimation of infiltration rates 
and potential migration rates. Identified evidence of sub-karstic migration pathway from site to 
nearby stream. · 

• Proj ect Manager and Hydro geologist for a geologic and hydrogeologic assessment of a proposed 
regional landfill expansion at East Peoria, Illinois. Research documented current leakage from the 
existing landfill into the regional unconfined aquifer within the cone of depression of the municipal 
water supply wells. In part as a result of the evaluation, the proposed expansion has been 
abandoned. Expert testimony and legal support. 

• Proj ect Manager and Hydrogeologist for a geologic and hydrogeologic assessment of a proposed 
regional landfill at Ottawa, Illinois. Provided testimony at county hearings identifying and 
documenting site-specific conditions that invalidated part of the ground water evaluation testing, 
necessitating the need to re-evaluate the groundwater flow system and redesign the monitoring 
system. Expert testimony and legal support. 

• Project Manager and Hydrogeologist for a geologic and hydrogeologic assessment of existing 
municipal landfills and a proposed landfill redesign and expansion at Salem, lllinois. Provide.d 
testimony at city hearings documenting existing landfill leakage and identifying site-specific 
conditions that complicate the design of a reliable monitoring system. Expert testimony and legal 
support. 

• Project Manager and Hydrogeologist for site evaluations of the geology and hydrogeology of 
several proposed municipal landfills and a landfill expansion in Bartholomew County, Indiana. 
The review of the expansion demonstrated inadequate monitoring of the existing facility. One 
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proposed site showed possible, current grmmd water usage from under the proposed facility and 
conditions that may preclude state-level site approval. 

• Project Manager and Hydrogeologist serving in consultation to the Board of Wayne County, 
illinois, regarding a proposed expansion to a regional landfill. Investigation and oversight 
established viability of the physical site and improvements that were needed in operating 
procedures and monitoring efforts. Expert testimony and le~al support. 

• Project Manager and Hydrogeologist for an assessment of an existing regional municipal landfill at 
Urbana, Illinois. Principle problems included gtormd water contamination, unplugged well(s) 
within the facility boundary that penetrated the aquifer serving public water supplies and a 
monitoring system inadequate to evaluate the contaminant migration. Results of the evaluation 
include an expanded system of monitoring wells, improved protocols for ground water sampling 
and revised statistical procedures to determine background water chemistries. 

• Project Manager and Hydrogeologist for a site assessment of a proposed municipal landfill 
expansion in west central Indiana, Established feasibility of using the engineering and design 
features of the expansion to prevent contamination from the pre-existing non-engineered facility. 

• Project Hydrogeologist for a site assessment of a proposed saturated-zone, regional balefill in 
central Illinois. Principal problems involved the evaluation ofthe hydrogeologic characteristics of 
the strip mine spoils within which excavation would occur, the blasted mine bottom upon which the 
liners would be built and the materials available for liner construction. Expert testimony and legal 
support. 

• Project Manager and Hydrogeologist for a site assessment of a proposed municipal Iandftll 
expansion in Livingston County, lllinois. Principal problems involved the evaluation ofthe impact 
of shallow coal tunnel mining beneath the site and reaction of waste leachate with unusual clay 
mineralogy important to waste isolation at the site. Expert testimony. 

• Technical Reviewer of site assessment and re-assessment of a proposed inter-governmental 
regional landfill in central Illinois. Verified unanticipated, politically unacceptable risks to major 
aquifer system serving public water supplies. Assisted in drafting of technical policy statement that 
permitted new siting efforts to proceed in the jurisdiction. Expert testimony. 

WATER RESOURCE EVAtUA'TION & DEVELOPMENT 

• Manager for ground water modeling effort associated with the development of a high-volume 
ground-water supply and delivery project in Colorado. The effort included investigating and 
evaluating a previously us~ court-accepted model, adapting and updating the model, and applying 
the model to assess the impacts of a proposed private ground-water diversion project that would be 
the largest in the United States. Ongoing effort includes subsequent review of alternative proposed 
model and further litigation support. 

• Manager for review of an application for an expansion of a large long-wall mine in southeastern 
Ohio. The review identified extensive unrecognized mining-related impacts to water supplies from 
historic mining and identified hydrologic risks to a unique old-growth forest adjacent to the 
proposed expansion, and resulted in an appeal of the application. Expert testimony and legal 
supporl 

• Manager for ground water modeling effort associated with the development of a surface reservoir 
designed for conjunctive use of ground and surface water to reduce peak ground water pumping 
demands in Denver metro area. The effort included investigating and evaluating a previously used, 
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model, adapting and updating the model, and applying the model to assess the impacts of project on 
other water rights. Study is a component of the EIS. 

• Project Manager for multi-company effort to model thennal loading of northern Nevada surface 
waters as a result of mine dewatering project. Successful liaison among technical staffs and 
regulators and modeling work for a high profile EIS resulted in approval of discharge permit. 

·• Project Hydrogeologist for the feasibility study of a small lake for a northern Illinois nursery, to be 
used for recreation, fishing and irrigation. Evaluated shallow and intermediate ground water and 
surface run-off, reviewed engineering design and directed ground and surface water sampling 
program to determine nutrient levels. 

HYDROCHEMISTRY 

• Principal Investigator for grant to research the geochemical implications of using alkaline addition 
as one means for preventing and/or remediating inorganic contamination resulting from acid 
mine/rock drainage. Empirical and modeling evidence showed conditions under which alkaline 
addition can cause or exacerbate contamination of some constituents of concern. 

• Project Manager, hydrogeologist, geochemist for ongoing investigation of metals contamination of 
a trout stream in West Virginia. Impacts from natural and industrial sources , present and past, 
evaluated to segregate relative significance of various sources. Includes expert testimony and legal 
support. 

• Project Geochemist and Hydrogeologist for evaluation and critique of modeling protocols used by 
USEPA for risk assessments performed as part of regulatory determinations for various solid 
wastes. Identified errors in methodology and input that had caused previous modeling to 
mischaracterize risks for settings with observed damage cases. Computer modeling. 

• Geochemist and Hydrogeologist for evaluations of inorganic groundwater chemistry at an 
industrial RCRA site ncar Joplin MO. Federal lawsuit filed pursuant to PRP contribution and 
sources and timing of contamination. Was able to use geochemical interpretations to establish 
significant elements of aquifer characteristics and implications for contamination routes. Expert 
testimony. 

• 
• Project Hydrogeologist and Geochemist for evaluations of proposed coal combustion waste 

disposal as part of reclamation activities at surface coal mines in Southwestern Indiana. Ongoing 
efforts are targeted toward refining regulatory framework for disposal efforts, establishing effective 
characterization and monitoring programs and determining appropriate operation and engineering 
practices. Project involves extensive interdisciplinary effort and expert testimony. 

• Project Geochemist for the investigation of the impacts of remediating acid mine drainage by 
installing bulkheads to flood exhausted mine working. Predictively modeled water chemistries in 
situ, within flooded mine, along flow paths and upon surface discharge. Assisted in preparation of 
testimony that resulted in permit approval for the San Juan County, Colorado project. 

• Project Manager and Project Geochemist/Hydrogeologist for investigation of potential 
environmental impacts of disposal of coal combustion wastes ( CCW) as part of a reclamation plan 
at a surface coal mine in northern New Mexico. Performed or directed geochemical, infiltration 
and flow modeling of the proposed project to identify optimum disposal methods and worst case 
impacts. Presentation to State resulted in approval of this precedent-setting project. 

• Project Manager. Geochemist and Hydrogeologist for an investigation of a proposed 
disposal/construction project to build a central Illinois ski mountain from fly ash produced by a 
co-generating plant operated by a major food products manufacturer. The investigation involved 
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overseeing an engineering review of project plans, a site investigation and evaluation, geochemical 
modeling of initial and final mineralogical composition of the mass and of the leachate chemistry 
and evolution and the impact on the hydrogeologic and structural integrity of the project. Expert 
testimony and legal support. 

PETROLEUM INDUSTRY EXPERIENCE 

• Project Manager for the environmental assessment of 82 Texas producing properties targeted for 
acquisition. Evaluations included site walk-overs, surface soil and liquid sampling, radiological 
monitoring and geoprobe sampling of soils and ground water. The assessments documented a 
multitude of impacts from both exempt and non-exempt wastes that, unrecognized, could have 
resulted in substantial financial exposure to the client. 

• Project Geologist and Petrophysicist for an investigation of resource potential of coal bed methane 
in San Juan Basin of New Mexico and Colorado. Study focused on innovative log analysis 
techniques; formation water chemistries, production rates and disposal problems; well drilling, 
completion andre-completion practices; and detailed subsurface facies and structural mapping and 
stratigraphic correlation in shallow coal beds of Kirtland/Fruitland/Pictured Cliffs shoreline 
complex and relationships to overlying Tertiary sandstones. 

• Developed a successful play in the Hunton and Mississippi Lime formations of northwest 
Oklahoma. The play recognized the secondary porosity systems of both formations 
(dolomitization and fracturing, respectively) and the genetic significance to each of the buried 
topography at the intervening unconformity. 

• Managed a detailed reservoir study of a Cotton Valley gas field in east Texas that resulted in RRC 
approval of non-standard spacing based upon the recognition of secondary porosity and a 
dual-conductivity system that resulted from drape-induced fractures. The revised spacing both 
protected resource ownership and conserved the costs of infill drilling. Expert testimony and legal 
support. 

• Project Geologist, Petrophysicist and Expert for various contested adjudicatory hearings 
apportioning oil and gas ownership. Cases involved primary recovety of both oil and gas and 
secondary recovery of oil. Accepted as expert (geology, hydrogeology, and/or geological 
engineering) in Oklahoma, Texas, and Wyoming. 

ADDITIONAL PROFESSiONAL EXPERIENCE 

• Invited presenter to National Research Council of the National Academy of Sciences, Committee 
on Mine Placement of Coal Combustion Wastes. 

• Appointed lllember of a Quality Assurance Committee under the West Virginia Department of 
Environmental Protection. The committee, comprised of representatives of state and federal 
regulators, industry , and interveners, was charged with a year·long review of state mining 
applications and approval. practices relative to mining under the state and federal surface mining 
laws. 

• Invited presenter to National Research Council of the National Academy of Sciences, 
Subcommittee on Alternatives, Study on Coal Waste Impoundments. 

• Project Manager and Hydrogeologist for the review of Proposed and Revised Proposed Criteria for 
the Siting of a Low Level Radioactive Waste Disposal Facility in lllinois. Evaluation was targeted 
toward both technical content and processes of selection. Testimony and written comments led to 
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significant improvements and flexibility in the Criteria as finally published. 

• Project Hydrogeologist testifying at hearings before the lllinois Pollution Control Board on 
regulatory language for the Illinois Ground Water Protection Act. Contributed major conceptual 
and specific language changes to the fmal promulgated rules for Ground Water Quality Standards 
and Regulations for Existing and New Activities with Setback Zones and Regulated Recharge 
Areas. Expert testimony and legal support. 

• Project Hydrogeologist and Log Analyst for three applications to U.S. EPA for permits to continue 
deep well disposal ofhazardous wastes in east central Illinois and southern Ohio. Project required 
evaluation of geophysical logging data to determine injection zone and confining layer properties, 
regional flow systems, chemical interactions of the waste stream with the native rock and the ability 
of the injection system to isolate the waste from the environment. 

REPORTS, PRESENTATIONS, AlVD PUBLICATIONS 

Norris, Charles H., 2005, "Water Quality Impacts from Remediation Acid Mine Drainage Y.i th Alkaline 
Addition", draft version released to National Research Council of the National Academy of 
Sciences, Committee on Mine Placement of Coal Combustion Wastes, Geo-Hydro, Inc., Denver . 
CO, July 3, 2005 

Norris, C. H., "notes from the front. .. Overview of three sites", invited paper before National Research 
Council of the National Academy of Sciences, Committee on Mine Placement of Coal Combustion 
Wastes, Evansville IN, March 2005. 

Norris, Charles H., 2004, "Environmental Concerns and Impacts of Power Plant Waste Placement in 
Mines", Presented at Harrisburg PA, May 4-6, 2004. Published in Proceedings of State Regulation 
of Coal Combustion By-Product Placement at Mine Sites: A Technical Interactive Forum, Kimery 
C Vories and Anna Harrington, eds, by U. S. Department of Interior, Office of Surface Mining, 
Alton IT..., and Coal Research Center, Southern illinois University, Carbondale IL. 

Norris, C. H., "Developing Reasonable Rules for Coal Combustion Waste Placement in Mines. Why? 
When? Where? How?", USEPA Contract 68-W-02-007, lEI Subcontract 7060-304, Invited paper 
at USEPAMRAM meeting, Rosslyn VA, September, 2003. 

Norris, C. H., "So, You Think You're a Geologist? (F. Kafka to A. Liddell, In Wonderland)", Colorado 
Ground Waster Association Monthly Meeting, Denver CO, September, 2002. 

Norris, C. H., .. Assessment of the Anker Energy Corporation proposal for mining and reclamation, Upshur 
County, West Virginia." Independent evaluation on behalf of Anker Energy Corporation and West 
Virginia Highlands Conservancy, July, 2002. 

Norris, C. H., "Coal Combustion Waste: Coming soon to a neighborhood (and maybe a faucet) near you." 
Colorado Ground Waster Association Monthly Meeting, Denver CO, May, 2001. 

Norris, C. H., "Slurry-to-ashes, and ashes-to ... A case of a coal company and citizens working together to 
evaluate alternatives." Invited paper before National Research Council of the National Academy 
of Sciences, Subcommittee on Alternatives, Study on Coal Waste Impoundments, St. Louis MO, 
June, 2001. 

Norris, C.H., and C. E. Hubbard, ''Use ofMThTTEQA2 and EPACMTP to Estimate Groundwater Pathway 
Risks from the Land Disposal of Metal-Bearing Wastes", for Environmental Technology Council, 
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submitted as public comment to USBPA on regulatory determination for Fossil Fuel Combustion 
Wastes, May, 1999. 

Norris, C.H., "Report on the Determination oflntermittent Streams and the Potential Impacts of Valley Fill 
on Area Drainages, Southern West Virginia\ expert report for litigation prepared for Mountain 
State Justice, Inc, Charleston WV, March, 1999. · 

Norris, C.H., "Report on the Geology and Hydrogeology ofthe Caterpillar Levee Site with an Evaluation of 
Potential Pathways on- and off-site for the Movement of Solid and Hazardous Wastes", expert 
report for litigation prepared for Citizens for a Better Environment, Chicago a, March, 1998. 

Norris, C.H., "Dr Pepper, Biorhythms, and the Eight-Hour Pumping Test ", Colorado Ground Waster 
Association Annual Meeting, Golden CO, December, 1997. 

Norris, C.H., "Characterizing Ash Composition and (vs.) Projecting Environmental Impact for Purposes of 
Permitting CCW Disposal ", Coal Combustion By-Products Associated with Coal Mining -
Interactive Forum, Southern lllinois University at Carbondale, Carbondale a, October, 1996. 

Norris, C.H., 11Geochemical Modeling". Co-instructor for Short Course on Hydrogeologic Issues Related 
to Mine Permitting, Reclamation and Closure, SME Annual Convention, Phoenix AZ; March, 
1996. 

Norris, C.H.~ An Improved Method for Middle Time Analysis of Slug and Bail Test. Unpublished. 1994. 

Norris, C.fl., ''Evolution of the Landfill", presentation as part of a Telnet program, Garbage Dilemma 
Educational Series, sponsored by lllinois Farm Bureau and Cooperative Extension Service of the 
College of Agriculture, University oflllinois, Urbana, lllinois1 April20, 1992. 

Norris, C.H., "Technical Analysis or Political Acceptability: The Domesticated Fowl or its Ovum", Solid 
Waste Management and Local Guvemment Wor~hop, sponsored by Institute of Government and 
Public Affairs, University of illinois, Urbana, lllinois, Jan-Apr, 1992. 

Norris, C,H., Report on the Geology and Hydrogeology [of the] SWDA Proposed Landfill Site, Township 8 
North, Range 6 East, Section 31, Bartholomew County, Indiana, for Central States Education 
Center, Champaign, lllinois, 1991 . 

Norris, C.H., Hydrogeology and Modeling of the Proposednlinois Low Level Radioactive Waste Disposal 
Site at Martinsville, lllinois; testimony before the LLRW Siting Commission, October and 
November, 1991, Martinsville, Illinois.. 

Norris, C.H., Ground Water Quality Standards for the Illinois Ground Water Protection Act; testimony 
before Illinois Pollution Control Board, Chicago, lllinois; February, May, October and December, 
1990~ May, 1991. 

Norris, C.H., Hearing on a Petition for a Special Use Permit for the Construction of a Ski Mountain in 
Oakley Township, Macon County, Illinois; testimony before the Macon County Zoning Board of 
Appeals; Februa.ry 16, 1990. 

Norris, C.H., Hearing on a Solid Waste Disposal Permit for the Siting of a Municipal Landfill for Streator, 
Illinois; testimony before the Livingston County Board; August 6, 1990. 

Norris, C.H., In the matter of the Gallatin National Company Proposed Balefill, Fulton County, Illinois, 
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\vritten comments to the lllinois Environmental Protection Agency, Springfield, lllinois, 1990. 

Norris, C.H., 1990, Log Analysis of the Allied Chemical Corporation Waste Injection Well, Danville, 
Illinois, for Alberto Nieto, Champaign, Illinois. 

Norris, C.H, 1989, Log Analysis of the Cabot Corporation Waste Disposal Wells, Tuscola, Illinois, for 
Alberto Nieto, Champaign, Illinois. 

Norris, C.H., Regulations for Existing and New Activities Within Setback Zones and Regulated Recharge 
Areas for the Illinois Ground Water Protection Act; testimony before illinois Pollution Control 
Board, Chicago, Illinois, June, 1989. 

Norris, C.H., and C.M. Bethke, (Abstract) "Mathematical Models of Subsurface Processes in Sedimentary 
Basins", Conference on Mathematical and Computational Issues in Geophysical Fluid and Solid 
Mechanics, Society for Industrial and Applied Mathematics Annual Meeting, Houston, Texas, 
September 28 (invited paper), 1989. 

Norris, C.H., "An Evaluation of the Geology and the Monitoring Well Data [at the] City of Urbana 
Regional Landfill", report submitted to the City of Urbana, Champaign County, Illinois, for Central 
States Education Center, Champaign, Illinois, 1989. 

Norris, C.H., Gallatin National Proposed Balefill/Landfill [at] Fairview, Illinois; testimony before Fairview 
Town Council, Fairview, Illinois, November, 1988. 

Norris, C.H., "Evaluation of the Hydrogeologic Factors Influencing Risk [at the] ISWDA Regional Landfill 
Site B", report submitted to the Inter-Governmental Solid Waste Disposal Association, Champaign 
County, Illinois, 1988. 

Norris, C.H., and C.M. Bethke, "Status and Future Directions of Quantitative Flow Modeling in 
Sedimentary Basins", Workshop on Quantitative Dynamic Stratigraphy (QDS), Colorado School 
of Mines, Lost Valley Ranch, Colorado, February 14-18, 1988. 
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1. INTRODUCTION 

Uriion ElectriC (UE) is currently reviewing management options for the fly ash ponds at the 
UE Meramec Power Plant. As part of the review, UE has asked CH2M HILL to collate 
available site investigation data (see refer~nces) and perform a critical assessment of the 
local hydrogeological impacts, particularly to groundwater, potentially resulting from 
current and historic ash pond operations. The hydrogeological information will support 
UE in its ongoing dialogue with the Missouri Department of Natural Resources regarding 
future ash man(lgement strategies. · · 

The analytical data compiled in the study was provided to CH2M HILL by UE; it 
represents the results of earlier investigations by other parties. The interpretations of site 
hydrogeology were based on this information, familiarity with the regional geology, and 
CH2M illLL's experience with similar environmental settings. 

2. SITE GEOLOGY 

2.1 Site Description 
The UE Meramec Plant is located in the far southeast comer of St. Louis County near the 
confluence of the Meramec and Mississippi Rivers. The plant lies on flat floodplain land at 
an elevation of between 410-420 feet above Mean Sea Level (MSL), directly east of the 
Merarriec River and west of the Mississippi River. The Meramec River enters the 
Mississippi River just downstream, to the south of the property. To the north and west of 
the site, the land is hilly and mostly Wooded.- Figure 1 shows the site location. 

The ash ponds are situated south of the power plant and cover about 110 ~cres. The fly ash 
has been stored onsite in unlined ponds for over 40 years. The site subsurface was initially 
described during pre-construction geotechnical investigations conducted by Stone and 
Webster Engineering Company in 1949. The boring logs from the investigation were 
reviewed as part of this study . 

In addition, ash pond 489 has been investigated several times in the past and provides a 
valuable model for the current study. It is the southernmost ash pond and represents the 
downgradient boundary of the facility. Two abandoned and three active groundwater 
monitoring wells are installed along the iower edges of the pond parallel to the two rivers. 
Two background monitoring wells are located east and north of the ash pond area. Also, 
CH2M HILL has been moi\itoring groundwater levels at ash pond 490 as part of an 
alternative closure cap feasibility study. Data from both sites are used in this study. 

Figure 2 shows the site plan and monitoring well locations. It also shows the W-E section 
line used to depict the conceptual site model. 
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2.2 Surface and Subsurface Soils 
The present site grade is as much as 20 feet above the original ground surface that is 
indicated by historic engineering drawings (Stone and Webster, 1949). As part of the plant 
construction project, the original grade was increased by using impo~ted silty clay fill. 
Reportedly, the ash ponds were made by excavating onsite silts and cl~ys and using the 
material as construction fl.ll beneath the plant and also for the ash pond berms. In general, 
the site soils under the fill materials are typical floodplain deposits, comprising interbedded 
clay, silt, sand, and gravel. The alluvium tends to become coarser-grained with increasing 
depth and proximity to the river channels. These varied sedimentary deposits were 
excavated to about 10 feet belo~ original grade to form the ash ponds. The pond bottoms 
were apparently several feet above the average elevation of the water table. 

Details of the soil stratigraphy at popd 489 are provided by the drilling logs of the 
monitoring well.s; pa,rticularly wells MW4, MWS, and MW6 (Woodward-Clyde 
Consultants, 1988). Subsw-face information for the remainder of the site was obtained from 
geotechnical logs completed duririg the original geotechnical site investigation.prior to , 
plant construction (Stone and Webster, 1949}. A conceptual site model has been developed 
using this information and is shown in Figure 3 as a generalized W-E cross-section. 

As shown in Figu·re 3, the site stratigraphy changes eastward from the Metamec River. The 
west part of the site near the river is Un.derlain primarily by silts and sand~. In contrast, 
sands are poorly represented in the east, and fine silts and clay underlie this part of the 
property.· A thick sequ,en~e of silts east of the plant suggests a former deeply-incised 
alluvial valley. In genera11pond ash fill or construction fill extends about 20 to 25 feet 
below the current site grade (nominally 420ft. MSL). The fill is underlain by alluvial clayey 
silt and fine silty sand depositS typically20 to 40 feet thick (except atthe east edge of the 
site where fine material exteitas almost to bedrock). As depth increases, the sands in the 
west part of the site becbme <;:o~r~er-grained and gravelly, with le5s fines. About 90 feet 
below grade (approximittely 320. ft. MSL) a very stiff, blue..gray,.high plastic day is 
encountered. The clay is estimated to be about 5 to 10 feet thick in the weit but increases to 
60 to 70 feet thick at locations beneath the plant. Limestone bedrock is present at depths of 
about 105-115 feet. A coarse sand and gravel bed, up to 10 feet thick, eXists between the 
limestone and the gray clay. The sand and gravel also contains Iirneston.e arid shale 
fragments and may represent a highly weathered bedrock surface. 

2.3 Bedrock 
According to geo~echnicai reports for the site (Shannon and Wilson.~ 1979), the limestone 
beneath the alluvium and clay belongs to the Warsaw formation of the Meramecian series 
and is upper Mississippian in age. The formation comprises shales and fine-grained shaley 
limestones, and is fossiliferous. The numerous boring logs from the pre-construction 
investigation confirm the presence of shale and limestone bedrock beneath the site. 

The bedrock surface slopes gently to the southeast although the regional dip is typically to 
the northeast. This isbecause, structurally, the site lies within a lithographic trough or 
syncline (Missouri Geological Survey, 1974). Synclines can often act as traps for 
mineralized groundwater, a situation that is discussed further in section 3.2.2 below. 
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3. SITE HYDROLOGY 

3.1 Surface Water 
The Meramec and Mississippi Rivers ate the dominant surface water features near the UE 
site. The Mississippi River controls the flow of the Meramec River causing the latter to 
back-up during flood stage. The mean discharge of the Mississippi River is 188, 300 cubic 
feet per second (ds); the mean discharge of the Meramec River is 3,244 cls. The averages 
are based on river years 1933 to 1996 (USGS, 1996). Typically, the river stage ranges~ 
between elevations of 376ft. MSL to 390ft MSL (U.S. Army Corps of Engineers). The 
nearest river gage;is at Water's Point, 2 miles downriver on the Mississippi. The mean river 
stage here is 380.8 ft. MSL (averaged between 1900 and 1994). According to the US Army 
Corps of Engineers (personal communication with R.J. Dieckmann, St. Louis District) the_ 
Mississippi River gradient, locally, is about one-half foot per mile. Therefore, the mean 
river stage at the UE plant is about 382ft. MSL (several feet below the ash ponds). 

In addition, a small creek north of the site runs west into the Meramec River. The creek 
receives water from the retention pond located north of ash pond 498. Rainwater that does 
not infiltrate surface soils in the area of the ash ponds will pass offsite via the retention 
pond and creek. 

3.2 Groundwater 

3.2.1 Alluvial Aquifers 
Site-specific groundwater informa~ion was obtained from five monitoring Wells installed in 
January, 1988 and frorn shallow piezometers installed- in pond 490. Depth to groundwater 
in the area of ash pond 489 is indicated by monitoring wells MW4, MWS, and MW6. These 
wells are between 90 feet and 101 feet deep with screened intervals near the base of the 
alluvium. Wells MW1 and MW2 are hy-draulically upgradient of the asf:t pond and are 41 
feet and 56 feet deep, respectively. Over the past several years, UE has monitored the depth 
to water in the five wells and also recorded the corresponding Mississippi River stage. This 
data is provided in Appendix 1 and summarized in Table 4 below. 

Data show that the. water levels in the downgradient wells MW4, MWS, and MW6 ~losely 
reflect the recorded river stage. The groundwater depth in MWl, however, is typically 
about 30 feet higher than the ash pond Wells; at MW2, the depth to water is some 20 feet 
higher than the ash pond wens. Also, the response of water levels in MW1 and MW2 to 
changes in river stage is less apparent. These differences can be accounted for by 
considering the relative distances of the wells from the rivers and the accompanying 
changes in lithology. Wells MW1 and MW2 are located several thousand feet away from 
the rivers, on the edge of the floodplain_ and near the base of the adjacent hills. In addition, 
they are completed to shallower depths in finer-grained, less transmissive sediments and as -
a i:esuktend to respond more slowly to elevation changes in the local water table. 
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3.2.2 Bedrock Aquifers ' . 

There is little detailed information about the bedrock aquifers directly beneath the site. A 
previous geotechnical investigation by Shannon and Wilson (1979) collected 10-feet long, 
rock core samples from five borings 'located near the power plant. How,ever, no monitoring 
wells were installed in bedrock. 

Groundwater aquifers :in the St. Louis region have been described and classified by the 
Missouri Geological Survey in a 1974 report According to the survey, the Mississippian 
bedrock underlying southeastern St; Louis County yields groundwater with high dissolved 
solids content and rith in sodium-chloride. The mineralized water is believed to represent 
saline connate water trapped by the synclinal structure that runs _through the site. Natural 
flw;hing of groundwater occurs-slowly in synclinal areas and tends to resuit in water 
resourc~s of poor quality. The report concludes that bedrock aquifers in the region of the 
site are "not favorable" for well development because of poor yields and concentrations of 
dissolved solids and sodium chloride that ofteh exceed relevant drinking water stan.dards. 

3.2.3 Drinking Water ~quifers 
The UE Meramec site dc;>es not overlie ahy currently-used drhlking water aquifers, Neither 
the alluvial aquifer ·nor the bedrock aquifer beneath and downgradient of the .site are used 
for drinking water. St. Louis County Water withdraws its supply directly from the 
Meramec, Missouri, or Mississippi Rivers at locations up gradient of the sjte (personal 
communication, St. Lotiis Coimty Water Co.). A search of records for wells within one mile 
of the UE facility was performed by contacting the MDNR, Division of Geology and Land 
Survey. Locally, there are no groundwater extraction wells downgradient from the site, 
between the facility and either the Meramec or Mississippi Rivers. The nearest state­
registered wells are located west of the Meramec River, along Highway 61. Future use of 
the bedrock aquifers is not considered a likelihood, all but precluded by the intrinsically 
saline quality of the groundwaters and the abundant availability of surface water. 

3.3 Hydrogeologic Parameters 
Detailed laboratory analyses of the hydrogeological properties of the site sediments and 
bedrock are not readily available. Nonetheless, some general characteristics of the site 
stratigraphy can be interpreted to help describe groundwater movement. Figure 3 is a W-E 
cross-section of the plant location that depicts·the position of the water "table across the site. 
Perched water table conditions are present in several of the ash ponds, as indiCated by 
piezometers in the pond 490 tree plot and water levels observed recently in pond 491. 

The hydraulic gradient at the site slopes south and east toward the adjacent major rivers. 
The situation is implied by the large (- 30 feet) difference in heac,i between the groundwater 
levels measured at wells MWl and MW2, and those measured at wells MW4, MWS, and 
MW6. The downgradient wells are about 3,000 feet from MWl. Groundwater flow is thus 
toward the rivers at an. approximate average hydraulic gradient of 0.01 ft/ ft. However, the 
number and distribution of wells onsite do not provide adequate information to describe in . 
three dimensions the water-table surface of the alluvial aquifer, or the potentiometric 
surface of the uppermost underlying bedrock aquifer. 
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UE·M INTER:M HYOROGEO.AEPORT 

The hydraulic conductivity of.the ash deposits and the underlying sediments has not been 
analyzed but can be reasonably estimated from details of the soil stratigraphy. CH2M HILL 
has tested coal fly ash at other similar sites and determined the hydraulic conductivity to 
range between about 10"5and 10-6 cm/s, values that correspond to silt. Coarser sands and 
gravels have hydraulic conductivities several orders-of-magnitude higher than finer silts 
and clays, from 10·1 to io·' em/ s. 

Referring to Figure 3, it is apparent that the upper sediments are generally less permeable 
than the sediments below. ,This means that the groundwater flux in the ash, silts and silty 
sands will be significantly less than in the sands and gravels. Nonetheless, both . 
sedimentary horizons will tend to be at least twice as permeable as the underlying shaley 
limestone. Hydraulic conductivity is also direction-dependent. In the absence of vertical 
cracks, average horizontal conductivity is typically several orders-of-magnitude larger than 
vertical conductivity, especially in interbedded alluvial depp~its. Table 1 shows the · 
relationship of sedimentary grain size to hydraulic conductivity (Freeze and Cherry, 1979). 

3.4 Aquifer Sequence and Relationship 
Figure 3 is a schematic representation of a vertical cross-section west-to-east through the 
site. The ground surface is at an elevation of between 410 feet MSL and 420 feet MSL. The 
ponded fly-ash is estimated to be 25-feet thick and lies on top ·of several feet of fine-grained 
clayey silts, silts, and fine silty sands. Beneath the west part of the site, the fine-grained 

·sediments-quickly grade into coarser sands and gravels. At about an elevation of 320ft. 
MSL, a 5 to 10 feet thick layer of hard blue day occurs, underlain by a homina110-feet thick 
bed of coarse sand, gravel, and rock fragments. The sand and gravel rest on top of shaley 
limestone bedrock at an approximate elevation of 305ft. MSL. The east part of the site is 
predominantly \mderlain by fine.:grained sediments. The sand and g~;avel zone appears to 
pinch out below the plant and is not rec~rded in logs for borings east of the plant. 

The water table is shown corresponding to the mean elevation of 382ft. MSL but can rise 
during high water to levels within the ash pond deposits. Based on data recorded by the 
U.S. Army Corps of Engineers 2 miles south of the facility, the mean high water stage at the 
site is approximately eight feet above normal (i.e.-390ft. MSL), and the mean low water 
stage is about six feet below normal (i.e. -376 ft. MSL). 

Under normal or low flow river stages, groundwater from the site flows to the rivers. The 
rivers act as boundary conditions for the alluvial groundwater onsite, preventing the 
groundwater from discharging elsewhere locally. Under flood conditions, th~ rivers act as 
groundwater divides, containing the site groundwater until the hydraulic gradient toward 
the river is restored as floodwater recedes. The specific interaction between the ash pond 
deposits and the alluvial groundwater is discussed below. 
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Cominon Range of Values of Hydraulfc Conductivity 
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UHII~ITERIIA HYOAOOEO.REPOAT 

4. ASH POND EFFECTS ON GROUNDWATER 

4.1 Ash - Groundwater Hydraulic Relationship 
Under average riv~r conditions, the water table at the site is several feet below the ash pond 
bottoms. However, perched water conditions often btcur within the ponds when the 
inflow of water -fJ;om -the plant or rainfall exceeds the infiltration capacity of the ponds and 
the discha:r:-ge from the retention ba5in. 

Because of the low permeability of the fly ash, the vertical flux of water moving through the 
ash under gravity is significantly less than the horizontal flux of groundwater through the 
alluvium, particularly the upper sand and gravel zone. In addition, the interbedded nature 
of alluvial deposits-exerts a strong anisotropy on the flow system causing horizontal 
conductivity to be orders-of-.rnagnitude lat_ger than vertical conductivity (Freeze and 
Cherry, 1979). In other words, relatively small quantities of slowly percolating water from 
the ash ponds will be influenced by the larger volume and predominantly horizontal 
component of groundwater flow in the upper sands and gravels, and will thus 
preferentially move laterally toward the rivers not vertically toward the underlying 
bedrock 

4.2 Ash Composition 
As mentioned above, the ash ponds at the Meramec facility have been in existence for over 
40 years. The ash from pond 489 was sampled a~d analyzed by UE in 1994 to determine its 
composition and to assess the leaching potential of the various chemical constituents of the 
ash. The samples were comP-os'ited from three pond horizons: lower, middle, and upper. 

The ash sample results were compared to background soil samples from two facility 
locations and also to average values determined for typical Missouri soils by the 
Geochemical S~rvey of Missouri (as referenced by UE in its Sept~rnber 22, 1994 report to the 
MDNR). Calcium (Ca), sodium (Na), arsenic (As), and boron (B), were found in the 
composite ash samples at lev~ls above twice the site background concentration. Table 2 

· shows the compositi.on of the. fly-ash and !~al.background soil samples as represented by 
the total soils analysis data. 

Two standard leaching tests were performed on the ash samples: U.S. EPA Method 1311 
Toxicity Characteristic Leaching Procedure {TCLP); and ASTM Method D-3987. The former 
test uses~ buffered organic acid solution. (pH 4.98) as the extraction fluid. The AS1M 
method uses neutral·pH water as the extraction fluid. Table 3 presents the results of the 
TCLP and AS1M leaching tests . 

. Onsite and background TCLP results for barium (Ba), cadmium (Cd), manganese (Mn), and 
lead (Pb) were above state surface water and groundwater standards. Onsite and 
background TCLP results for arsenic (As), mercury (Hg), and selenium (Se) exceeded state 
surface water standards. 
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TABLE2 
.,.,. 
(.'; ,, 

Total Soils Analysis 

' 
Total analysis, without ext_raction, of: 

On-site 
Pond 489 Ash Composites: Soils: 

Parameters:· River Bluff 
Lower Middle Upper Mean Bank Base 

Conventional • 
Calcium 19,890 18,~50 10,970 16.437 ~ . 130 1,860 
Iron 16,610 1,0,590 10,530 ' 12,577 21,300 8,299 ' 
Magnesium 1,877 1,511 1,449 1,612 3,138 1,902 
Sodium 623 356 776 588 79.4 71 .3 I 

Toxic metals -
Arsenic 51 19 103 58 13 7 
Barium 221 .2 20~.2 219.1 214 .8 427.2 125.2 
Boron 573.1 663.9 276.7 504.6 ' 89.9 46.8 
Cadmium 2.74 2~7.2 .2:03 -2.50 2~26 1.11 
Chromium I, 39,04 36.48 32.80 35.11 18.87 13.37 
Cobalt 10.8 7.5 11..1 9;8 14.8 9.2 
Copper 32.75 20.68 42.30 31.91 34.16 9.90 
Manganese 212.3 205.0 152,0 189.8 809.3 518.0 
Mercury <2 <2 <2 ' <2 <2 <2 

·-
Lead 44 23 78 48 ·239 18 
Selenium <1 <1 <1 <1 <~ <1 _ 
Silver 0.152 0.091 0.241 0.161 0.213 0.052 
Zinc- 164.7 156.5 154.1 158.4 133,9 49.7 

All units are ug/g (ppm) 

~.__ ____________________ _ C H 2 M HILL 
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I Parameters: 

I C<mventior.al · 
Amrmnia 

Calcium Run I 

Rur.2 

Chemical Oxygen Oarrend 

Chiorid9 

Flouride 

Iron Run 1 

Rrm2 

Mlgnesium Run! 

Run2 

I N>1ra!eln~rite N"rtrogen 

pH 
~ SpecifiC Conductance 

So1tum 

I Su§a!e 
Tala! Di5301ved Sclids 
Tolal Phospha1e 

Tcxi:m;Jta!s· 

Arsenic Run I 

Run2 

' Barium Run 1 

Run2 

Boron Run 1 

Run2 

Cadrri"m Run 1 
Run2 

Chro:rium Run 1 

Run 2 

Cobatl Ruo 1 

Run2 

Copper Run 1 . 
Run2 

i 
Manganese Run 1 

Aun2 

Mercury Run I 
" Run2 

l Lead Run 1 

Run 2 

Selenr; m Run 1 

Run 2 

I Silver Run 1 

Run2 
.. Zinc Alln 1' 

Run2 

I 
J 
·, 

-
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TABLE3 

TCLP and ASTM Analysis of Ash . 
TCLI' extract analysis ol: ASTM e.tlract analysis c!: 

On-sne On·s~e s!as 
Oil -Site 

Pond489Ash~~es : Soils: Pord 489 Ash CompcsXes: 

River Bluff River Bluff N.Tele. s.rete. 
lower tdddle Upper Meai! Bank Base lower t.ftddle Upper Mean Bari Base Read Road 

0.05 O.lJ1 0.6 022 0.05 (1.03 0.13 .02:3 

790 910 514 738 !OS 47.4 46" 44.6 30.5 40.30667 6.4 0.9 0.7 3.5 

660 810 350 €(17 61 39.4 58.8 57.4 31.8 49.33333 7,3 1.7 

2 3 71 25 17 16 40 65 

0.8 1.3 1.2 1.1 0.8 0.8 1.3 2.< 

0.2 0.2 0.8 0.4 il3 0.3 0.23 0.35 

0.04 0.04 0.06 0.04666"7 0.21 0.08 0.02 <0.02 0.04 0.03 2.58 1.73 2.4 2.!l 

0.04 0.05 0.03 0.04 0.04 0.06 0.04 0.02 <0.02 0.027 3.96 4.3 

13.4 10 12 11.8 23 9 0.57 0.53 15 0.856667 2]5 0.47 0.47 

1p.9 8 10.1 9.656667 16.4 8 0.7 ' 05 1.4 0.866667 3 1 

0.02 0.01 0.05 0.026667 0.5 0.07 0.03 0.11 

10.2~ 10.35 9.45 10.02333 8.74 8.72 5.44 6Si 

298 291 227 272 85.3 ~.9 47 tiC 

1.63 1.5 2.04 1.79 5.£2 324 

!i2 72 68 77 28 20 26 24 

248 231 186 222 134 67 123 11.0 

<0.01 O.ol 0.09 0.0<1 0.02 0.02 0.19 oZl 

0.010 0.008 0.012 O.oiO o.ilo5 o.oos 0.056 o.ot5 0.180 0.084 0.002 0.()04 <.005 <.00! 

0.015 0.016 0.042 0.024 0.013 O.Q14 0.033 0.015 0.085 0.044 0.006 0.005 

4 3 7 5 16 11 0.02 0,02 0.03 0.023333 1.33 0.57 0.53 0.6 E 

1 2 s 3 4 s 0.1 9 0.21 0.12 0.173333 0.89 0.57 

6.06 6.24 4.07 5.456667 0.27 <0.2 0.15 o.t 

0.04 0.04 0.04 0.04 0.03 0.02 <0.002 <0.002 <0.002 <0.002 <0,002 <0.002 <.005 dJO!i 

0.006 0.004 0.009 0.006 0.006 0.002 <0.002 <0.002 <0.002 <0.1))2 <0.002 <0.002 

<0.05 <0.05 <0.05 &CoS <0.05 <0.05 0.005 0.004 0.006 0.005 0.003 0.002 <.005 <.OO!i 

0.049 0.075 0.009 <0.05 0.002 0.002 0.005 0.007 Q005 0.006 0.014 0.013 

<0.05 <0.05 <OJJ5 <0.05 <0.05 <0.05 <.05 <.CJ!! 

0.02 0.03 0.02 0.023333 0.01 0.01 0.002 <0.001 0.002 0.002 0.008 0.006 0.005 0.013 

0.007 0.009 0.020 0.012 0.012 0.010 0.002 0.002 0.002 0.002 0.009 0.007 

1.8 1.2 2.1 1.7 1.5 0.5 <0.001 <0.001 0.002 0.002 0.020 0.022 0.010 0.040 

1.2 0.68 15 t126€67 1.4 0.62 <0.001 <0.001 <0.001 <0.001 0.035 0.071 

0.0001 0.0001 0.0002 0.0001 0.0002 0.0004 <0.001 <0,1))1 <0.001 <0.001 <0.001 <0.001 <.001 .dl01 

&001 <0.001 <0.001 <!J.OOt <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

0.4 0.33 0.27 O.JJ:P33 9.33 027 <0.001 <0.001 <0.001 <0.001 0.012 0.003 <.OC6 0.016 

<0.01 <O.DI <0.01 <0.01 0.054 <0.01 <0.01 <0.01 <0.01 <0.01 0.031 <0.01 

0.017 0.013 0.019 0.()16 0.007 O.OC-4 0.002 <0.001 0.028 0.015 0.002 0.004 <.C1l5 <.00!: 

o.cos 0.011 0.014 0.010 0.004 0.005 <0.001 <0.001 0.040 0.014 <0.001 <0.001 

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.001. <0.001 <0.001 <O.(Xll <0.001 <0.001 <.cai dX!i 

0-006 0.009 0.00<1 0.006333 {1.003 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <O.CXll 

0.2 0.36 0.1 0.22 0.3 0.23 0.02 0.01 0.01 0.013333 o.u 0.06 0.04 0.04 

0.2 0.14 0.4 0.246667 0.94 0.88 0.02 0.02 0.02. 0.02 0.06 0.05 ' . 

AU units lor extraclablc anat,-sis are fl9'1, ex~t pH (sld un~s) and Specific Conludanc>! (urrhoslcrn) 

CH2MHILL 
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Mr . RobertS. P. Eck 
April 24, 1992 
Page 2 

Additionally, as you requE':sted, vl~ have included copies 
of the form c and water balance d7agram re?ent~y 
submitted with our o.per~ting perm~t reappl~cat1~n. As 
identified in the previously submitted engine~r1ng 
report, the only significant ~mpact of this construction 
project on the existing ash pond discharge, Outfall 002, 
is expected to be a reduction in flyash slurry water 
(approximately 60-80%) and a subsequent reduction in the 
discharge flov; at the outfall of approximately 30-40%. 

Also, .we have forwarded our soil investigation report and 
the ~1nal specification to DGLS. We have previously 
su~mltted our Land Disturbance Permit application for 
Lhls project in our letter dated February 28, 1992. 
As we t d · 
constr:~t~on l;h~~~ ~~c~~f~r ~0~ 199~, le~ter, the 
for June 1992. We reco .. P~OJ~ct.ls st~ll being planned 
Although we believe th gnlz; thls lS a tlght timetable 
~repared to res~ond pr~m~:~~afe :o be com~lete, we are. 

ave to help expedite th~ - _o_~ny quest1ons you may 
.e app4oval process. 

If you have any o . 

Please contact M;u~stlons or require 
(314) 554-4581. . Garrett Kramer of further informat· 

my staff at lon, 
Thank y ou for your 

attention to +-hi 
L -~s matter. Very truly yours, 

~J;_;,c~~-
• B · Si edltoff' 

Manager 
E . 
nvlronmental 

GSK!ems 
Services 

cc: 
R. H. Hentges (DNR-HQ) ~ 
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Specif i cati on No. EC~257 4 
Shee t No . Index ·- 1 

I N D E X 

DIVISION 1 - GENERAL REQUI~lENTS 

l A ~ Supplementary General Conditions 
1B - Summary o f Work 

DIVIS!ON 2 SITE WORK 

- Sitewor k 02200 
02400 
02500 
02936 

Flexible Membrane Liner 
- Compacted Earth Liner 
- Seedi ng 

DIVI SI ON 3 - CONCRETE 

03001 - Concrete 

DIVISION 4 

(No Requirements Under This Divis i on} 

DIVISION 5 - STEEL 

05120 - Structura l Stee l 
055 20 - Handrails ~ Railings 
05530 - Grating & Floor Plates 
09900 - Painting 

DIVISION 6 - 1 6 

( No Requirements Und er These Divi sions) 

APPENDIX 

A - Cons ·truc·tio:n Work Limitat ions - Power Plants 
B - Cons·truction Job Work i ng Rules - Power Plant s 
C - Liner Properties 
D - Wor~an' s Protec t . i on As surance Procedure 
E - Geot echnical Dat a 
G - Mate rial Safety Affidavi t 
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Specification No. EC-2574 
Sheet No. lA - 1 

SECTION lA - SUPPLEMENTAL GENERAL CONDITIONS 

1.0 GENERAL 

This section of the specification is intended to 
clarify and supplement the General conditions of contract. 
Specific duties set forth herein are not meant to constitute an 
exclusive list of requirements but are ·intended to complement 
requirements of the General conditions of contract. The 
enumeration of "Contract Documents" in the first paragraph of 
Section II of the General Conditions of Contract is expanded 
to include these Supplemental General conditions. 

The work under this Contract shall include the furnishing 
of all materials, labor, equipment, tools, protection and 
incidental items necessary to complete in an acceptable manner 
and ready for use each portion of the work described in the 
Contract Documents. 

2.0 INTENT OF SPECIFICATIONS AND DRAWINGS 

The Contract Documents are complementary and any work 
called for by any part thereof shall be executed as part of the 
Contract in the same manner as if called for in all parts. 
Therefore, all work that may be called for in the specifications 
and not shown on the drawings, or shown on the drawings but 
not called for in the specifications, shall be executed and 
furnished by the Contractor as if described in both of these 
documents. Should any work or materials be required which is 
not denoted in the drawings, specification, or other 
Contract Documents e ither directly or indire ctly, bu t which a r e 
necessary for the proper carrying out of the intent thereof, 
the Contractor is to understand the same to be implied and 
required, and shall perform all work and furnish all 
materials as fully as if they were particularly described. 

3.0 ALTERNATE MATERIAL 

These Contract Documents may contain items of material for 
which a certain manufacturer or type is specifically designated. 
The Contractor's proposal shall be based on furnishing only 
that specified type or manufacturer for that item of 
material. Consideration will be given to other 
manufacturer's material items only if included in the 
Contractor's original proposal as an alternate to the 
specification together with the corresponding increase or 
decrease in the Contractor's base price. 
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Speci f ica ·t i on No. EC-2574 
Sheet No . l A - 2 

The Compan y reser ves the righ t to accept or reject. any 
s uch alter na·te items of ma·terial ~fhich ma y b e offered . 
Approva l or rejection of such ite:ms of material will be 
given with in a reasona ble period of time after a wa r d of the 
Contract:, a nd !?UJ;nni ·ttal of n ecessary details. 

4 • 0 STANDARDS 

~ The quality of 'qorkmansh ip , clearances, p r o·tect ion of 

-
-

-

-
-
-

-

.... 

worker s, etc.,shall be gov erned by app licable laws, 
o r dinances and regulations of au·t h orities having 
jurisdiction as well as a pplicable sections of standards as 
set up by the following orga n izations: 

5.0 

American Concrete Institute (ACI) 
American Institute of Steel Construction (AISC) 
American National Standards Institute (ANSI) 
American Society of Heating, Refrigerating and 

Air Conditioning Engineers (ASHP~) 
Ame r ican Society of Mecha nical Engineer s (ASME) 
American Society for Testing & Materials. (ASTM) 
Institute of Electrical and Electronic Engineers (IEEE) 
National Electricai Code (NEC) 
National Electrical Manufacturer's Association (NEMA) 
National Electrical Safety Code (NESC) 
National Fire Protection Association (NFPA) 
Occupational Safety and Health Administration (OSHA) 

PEPJ.IITS 

Th e Company \'.Till be r e spo nsible for any bu ild ing permits 
required by duly cons·tituted a uthor ities. The contr ac·tor s h all 
be responsib le for obtain i ng all other permits , includ ing any 
necessary for moving equipme n t over the c i ty or county street s and 
s t ate highways. 

The con ·trac·tor shal l c omply ~,Ji th all laws , ordinances , rules 
an d regula't ion s of governnantal authori ties a f fect ing the condu c ·t of 
t h e p roposed Tt.fOrk . Bef o re t h e comp l ·etion of t h ·e contract., t h e 
Contrac'tor shall f urnish to th·e Company a ny a nd all certificat es of 
approval resul·ting from required inspections. 

6.0 BENCH :VIAR.KS 

On e b e n c h mark wi·t h its assigne d eleva'tion t,'lill be furnished 
on t h e si·te by ·the Compa n y . Th e contrac,toxr shall fur nish all field 
l a youts a nd s hal l be r esp o nsib le f o r the use o f proper field 
di mensions and e l e vations . All suc:h '11ork I shall be subject to 
approval by ·t he constr uction SUpervisor '7 his discretion. 
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Specification No. EC-2574 
Sheet No. lA - 3 

7.0 INSPECTION OF SITE 

Before submitting a proposal, the Contractor should visit 
the site and become thoroughly familiar with existing conditions to 
which his work is in any way related and become fully informed as to 
the extent and character of the work required. 

No consideration will be granted for any misunderstanding of 
the materials to be furnished or the work to be done, it being 
understood that the submission of a proposal is an agreement to all 
conditions referred to in the Contract Documents including those 
indicated on the drawings and specifications. 

8.0 DRAWINGS, DETAILS & INSTRUCTIONS PROVIDED BY CONTRACTOR 

The Contractor shall submit to the Company, with such 
promptness as to cause no delay in the performance of the work, 
copies of shop drawings, equipment details, installation, 
operating, and maintenance instructions, wiring diagrams, parts lists, 
etc., as required below. No purchasing, fabrication, erection 
processing or shipping of the aforementioned material or ~quipment may 
begin until the drawings or details have been reviewed by the 
Engineer. 

The Contractor shall submit five (5) copies of the 
above information, four (4) of which the Company will retain for 
its permanent file. One copy will be returned. 

These submittals will be reviewed and approved for general 
design features only. Approval will not relieve the Contractor 
of responsibility for proper dimensions, quant i t i es , a c curacy, fi t , 
adequacy of details, and coordination with other trades. 
Deviations from Contract Documents are not approved unless 
specif i cally requested in writing by Contractor and approved in 
writing by the Company. 

Should field changes be required, such changes shall be 
prompt l y documented by the Contractor and submitted to the Company in 
the form of as-built drawings as required above. 

9.0 TESTING OF MATERIALS, ETC. 

The Contractor shall furnish free of charge any samples 
necessary for testing. The Company will pay for routine tests 
performed on concrete or masonry. The Contractor will pay for all 
others . 

The Contractor, 
Company three (3) copies 
to material used or to 
work. 

when called upon, will furnish to the 
of test reports, literature, etc., pertaining 
be used by him or his subcontractor in this 
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fJ~~~i~/4'GiOiill 'itJg o E·~""'~57~ 
Si~ W©l., U""' i2. 

10. o +·W§.41L.c:nwe!x.,~m~§ 

. C~i'!~tlrRtl:a:" ~h/all CGiit,iiJ!y ~-J!·~ ~ ~~ll e~~~~ 'f!i~ th<ll 
C<ti;p~ in ~fozcin9f j~!~ C@lfa:~!t!~&ID t&idi aU:~~ly a&:f.t~~t 
~~ p~oJCJa«:tnem of 'ti!$ ~h ~eJ.ooifi~ l2m~ M~ lhB.i~~ te iftil.rthl9 a~~ 
~i~tin~ tim:111 ~~dn~ ~~l'l.~i@1JJQ1 ®~.,in w..m ®~~<>@lil~ 
p~~~m~~®~, jo~ ~f®~Y rm~lnti@~ ~ ~!ly ~1~=~~0 
CCli1l'h'ong~GlZ' tJkmll ~1Eo~c~ 'Gh~ fell~!~ !:1@&'~ :i"ai!lmrn: 

wo~b~ ah~ll m G't thmh' !iJlne~ of t-7~~~ m~ ~ 
~in~ ~i~ ~ ~1 ~i:n ilt ~~ir pl!iO~ a4C ~-~k 
tm'Gil tli!.m ~it't~ t:Uu ...... 

!BA~<il ~h~ll ~ ne l hni ~ 0111 pree~\llgtioo ~ 
wr~ JUl)1f' r~~trictiom on ~ fW.l ~a af tot)l£ or 
~.ips~~. ~Will di-~11 b:ll no ru~t.rifrl:ian, o~~ 
th~ l'ill1Y tm :r~iz~ ~Y rmf~y r~~l tion~, o;u 'thm 
~:C 1:3f m~ ~~!~~ t© E.iny Clr~ OZ' to ~ ~~j.C-~o 

e" atl~.xte~, fl~ca<ra~y ~Q~ ~ f~&l~~~~in~ 
pz~cticm-!1\J t1i ll lle~ ~ tclt,\Zfa~mti . · 

D. I f ~ ~~~~d ! £1 incl~a. i n ~ l abt1x fore~, hs tib.~ll 
M! Q ~lifi$d l:i'~~ ~ariling 't:i'Ork en hie ~aft anti 
smal l ~tm:cis~ nc ~up&nis.oey twtcti 02W . Til~ 
J;lh~ll b3 n~ n~rn-t-:rarltiw;J ~ts~~ .. 

'f~~l() 0~11 b'n 113~ ill~ii!l. Cil~~JJ:@QJ ~ ~m'~~ !!J'(;.OjpEJGqttl~ C2}ii:' 
l(l~~~'ttno 

w. mh~~ n l~~gl. ~!~~ ~~ n@~ ~~i~~ ~£lifi~~ ~~~~~~ 
td:~.~.d.n ~~ b@~ID (m~~ooys1 S'ml~flY21 ~~ holiC!it!YS 
~11a~~) , ~ ett:n~~t*o~ ~ll oo Z~~<tl ~o ob~in 
tro&-~Jn f:l:'~ (;lln:!f m~c~ .. 

G.. !<C. ie ll~~&~ ~a~ cnr~~~ !~ ~®~~~l® aY!ca lf!~t ila ~® 
~~'t il!~i!l&"mar~<::~ of ~ ilfJ.tltiD~cy ~ t.h0 e&-ilf~El .. 
'!:t\l!ll'f ncrG'OO, mllCQlP~ in tm.~l eix:~~tttncoo I OV$5:'~Ulii 
~ill ru~~ ~1l OO!f~.. ~(GJ li3l11~1 o!r~tsn~ 
d~S"Al{ ct w~re--~i.!n~ , ~- eM~imt~ ~il.l b$ Jt((l~ t~ t1 
ai.nh~:~.'lhl~ tm~ISE' rm c!r~~~ trill ~~l&\~ly 
t:l~~l~dl oozy~i,~~ (~ t®:3 M'm: &~.y.n, ~'(!e .. ) b:!l eailmi~ii~oo. 

T'i'a~ ccrn-~cmt~~ ~hi!ll t"liiD~'JU'® ~t !t.s; Sl.\OO~c'tm-m of W.l 
ti~~ mh~ll c~ly ~i~ · th~ p~ovim!~ h~~i~ ~zt ~~-

/ 
u .. o ~~~Q; 

The Contractor tall k eep on the work at a ll times during 
its prog ress 1 a compete t super intend,e nt and any necessary 
assistan·ts . 

Exhibit 3 o o p . 6 ~ 



-
-

-

-
-

.., 

SpQcifice~ion No. EC~257~ 
Sb~t Mo. 1A C> 5 

~a ca~Qc~o~ shQll ~l@y ~~f~ ~ar~ ~ha h£~ 
~~sad a qu~lifi&d fo~eaoa'e ~~i~ pr~~ ~~ euch tr~ininq 
i t) off~ by th!"l for n ' o r pot:ti vo cr&ft . contr&ctozo ~h$111 
pr ovi a carti f i catac of c~letion of e~ia trai ning to th­
Coi'i8truc*i on Suporvieor bafozo fe&"~ !lt~ oa job. 

12 . 0 V:U~l!i M(\.:g;gJif~Si 

Hie flo:f'k llhilll b:l poi:'fom!lld by Ccmtraatoz at th tilii$"~ ll~~~ 
Elnd in {!Ccordlmlc - t.tith th~ ~ovifliooo of thalSaD Contract Do~onti!J. 

All o~ rti2a1 vor~ n~ i:h . diECZ'eti on of tb$ Contracto:E' su t 
bG &ppi:'oved in m-i1:in«z by th -~ &UW a ll coalte uill accru b:7 
contractor' El t1.ccount. Th co~ r~rv a th r i ght to r vqu.ir e 
contracXo:r t o pozfara ovcrtm!!l t7ore'k {lt eospany' s 't!ritt/Qn 
di r ction. 

car t bo ~ i:'Ci ~ ~t &11 ttn~o to Eaintain .~~fe 
cleeranct~ ~ m fll ~orking practi~, J:Joth rfor oqui rmrant Qfld 
p~sonn-1 , in order t o avoi~ inj uy or flQZ'Vi c i ntcnupti on. 11 j ob 
parsonn~l must bo d thoroughl y ecqu&in~~ i th h&z~d invol v 
It shllll lMl · th contractor' m rczspon&3i bility, worki nq with th· 
Construct ion supervi s or, to make thi condition clQar t o ~11 
Contractor ' ~ peraonn 1. 

'Fd~ Contractor s~ll c:rt all tinoo perform hie rork to 
confo~ vith th~ C~any'o ~Qf~ty prQctico~ an~ op rQting 
pr ocsduree . Shoul d rut outz-.qs of COiapany equi praant be required 
duri nq tb cour - of t:.h ~ork , tho cont:r11ct.or chell obt in ell 
ou~ag s and r l ea 2s tn acco~ 1:1ith thil Company' s t1arkman'EJ 
Protection Assurance Procadi!rfl~ . Til~ e.pprop:ri~ta proc~dm'e,. based 
on th- Op rati ng Nanual f or thm Uni on El~ic System, is include~ a~ 
an appandi x t o thi m s~ificaticm. 

Eigh vol taq Eray bel prtw~t. en circuits or eqv.i pii<llnt at thG 
site duri ng con~truction pari od. Ths contractor sh&ll at all ttm~ 
P3r f ors. hill work t o c cmfom vi th t:h company's &af ety p:ra.cti~s and 
opsratinq procadur a as mantionad ~~. 

Mo explosi ves say b~ umam ~ithcut ~ittQfi p~issi~ fro~ 
the company . 

Any additi onal u~rk l b.uitati omt Elrm set forth in M ap,jpa.wliM 
and b~coma a part of thi spaci fic&tian • 
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14.0 DELIVERY AND STORAGE 

Specificat.ion No. EC-2574 
Sheet No. lA - 6 

The Contractor shall provide suitable facilities and shall 
store all materials supplied by him. Storage of the material 
and equipment on the jobsite areas shall be as designated by the 
Construction Supervisor and so located that it will not interfere with 
the Company's personnel or opera·tions. 

Materials provided by the Company will be stored in a 
suitable location by the Company if received prior to the 
Contractor's presence at the site. Any materials received thereafter 
will be unloaded and s ·tored by the Contractor. The Contractor shall 
be responsible for inspecting and hauling all materials from point 
of storage to the job site unless othe~~ise stated in 
s p ecification. 

I·t shall be the Con·tractor's responsibility to perform 
inventory and ascertain that all materials are on hand as required. 
He shall notify the Company's Construction Supervisor at once of any 
material shor-tages or damage to allow replacement without 
delaying the progress of the work. After acceptance of equipment or 
material, Contractor will be responsible for loss or damage. 

Afte r comple tion of the work the Contractor shall inventory 
and haul all excess material, furnished by the Company, to designated 
Company s t orage locatio.n(s), and shall restore a ll construction 
storage areas to a reasonably satisfactory condition as directed by 
the Cons·truc·tion Supervisor. 

15.0 PROTECTION OF WORK AND PROPERTY 

The Contrac·tor shall: 

A. 

B. 

Be responsible for repa1r1.ng any damage to any 
building, 'ftJalkway, e·tc . , arising in connec·tion \~i th the 
\.·JOrk performed. For damage due to causes beyond the 
reasonable cor:rtrol of the Contractor, any of the 
subcon·tractors or any of the Contractor's or 
subcontractor's officers, agents, servants, or employees , 
·the Company will reimburse the Contractor for such 
expense of repairing the damage. 

Bear the responsibility for repairing and/or 
replacing any equipment or mat:erials damaged by the 
Contractor. 

c. Maintain ad·equate protection for his \fork and materials 
1 at all times to preven·t damage from Company operating I activities . 

I 
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D. Po~t v&rninq ei~ ~~j~csnt to Qll ~ork &r~~s 
indi~tinq tllC'J tma~ Cl:Ula~oo by the coMJtrllc'tion in 
pro~ooo. 

E.. Provi~ nc:lee~au:y ~rilry liqhtinq, tririr&g, g1ob~m, 
quQrd liqhtm, bQrriC&ldoo or any othQZ' i teEm required by 
r~~l~tion5, ~~~ or la~a es~~lish~ for public 
prot~etian nod ~ foty or to f&cil it£te thG uork. 

Tiis mdequidcy of ~a.ll tl.t\fegumrdm i £1 the r12.sponmibilit:.y of 
tha eon~rac~or . Th con ~ruaci~n ~~ieor BaY ord~r addition~l 
sefeguQrds, eiqniD, covGring~, ~tc . , uh~ h~ ~~~it nacGsmary. 

16.0 §~¥. 

The Contr&cto? tih~ll h~ . rQc~oftmiblo for providing a lev~l 
ot £ocuri~ ~Qt ~ill ~a~uro control, cccoun~ility, an~ pro~~c~ion 
to th~ work area, tools , ~tm:ial cmd oquip~nt involveel. in ths 

~ ~-cution of thia contract. 

17. o RmQYl!t~..Ja~IY wog 

Ths Contrec·tor oball coopm:-et · trith ths Corwtructi on 
supervisor i n schedul inq r emoval. work EJO ae to ®use a s i niBum 
di srupti on t o Company' s ~-rsonn~l or op~rations. 

The contractor &hal l provi de prot ctive encl osures, covers , 
water stope , e tc., n ce~ ary to pr VQDt ~ater dama~o to 
ex!~tinq building SXQ ~ duri~ ecnot~ction. 

~tQrials rsmovod fran GMiotinq faciliti0a b2eomG th~ propsrty 
of ths c ontractor unlese othsrvi&~ ~~cified elaaehara in ths 
sp~cific:c.ltion or on tlw dra:einqs cmti shall b3 promptl y rm!!o'Veil fro:& 
the s i ts. The Coi!rErtruction SUp<mYisor will dasignate areas wh~e 
th~ removed it~ r et&inoo by th CO!!mpmty shall b3 stored. All 
retai ned material s shn11 ba neatly stored and protected from tbo 
elements ~s nacsee~ry to prevent danaga. 

1.9.0 ~l:Hru..._P~. :§TC.._ 

Tbs contracto:&: shall do all cuttinq, f i ttinq, or pat.ching­
that nmy be necessary to nmke the ssv~ra.l parts come toqether prcparl y 
and f i t ta rec i ve the vark of other Contractors. 

Tba contractor shall provide temporary heat as nacass&ry 
to protect a ll work materi a l s aqai.ns~ dmaaqa f r am dampness and cold 
to the satisfaction of th~ Constructi on Sup~rvisor . 
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20 . 0 CLEA..l'l- UP 

Specification No. EC-2574 
Sheet No . l A - 8 · 

The Con·trac t or s hal l maintai n g ood housekeep i ng while 
per forming t he work . Upon completi on of the \'fork, t h e Con·t r act or 
sha ll r emov e all excess l!la teria l a nd debris a nd l eave the a r e a i n 
a condi t ion s atisfa c ·tory to the Cons truction Super visor . 

21.0 OWNER APPROVAL OF P ROCEDURE . ETC. 

The procedures, meth ods, and mater ials agreed to in t he 
Contract Docume nts s hall not be dev iate d from without consent of 
the Comp any. 

The Company reserves the r i ght:. of a pproval over all 
procedures, methods, and ma terials to be employed by the Contractor 
for this work. 

22.0 INSPECTION. REJECTION OF ~~TERIALS AND WORKMANSHIP 

The Contractor shall, at i ts own expe nse, prov ide 
a nd necessary facilities and all .samples, documents, drawings 
lists necessary for complete i n spection of the work. If 
Contractor covers all or any portion of the work prior to any 
required inspection or test by the Company, the cost of any 
necessary uncovering and replacing s hall be borne by Contractor. 
Neither the failure to mak e such inspection nor to discover 
defective workmanship , materials or equipment nor approval of or 
payment t o Cont r ac·tor for such \-Jork , materials or equipment s h all 
prejudice the r i ghts o f the Company thereafter to c orr e ct o r 
rej ect the s ame as h e r einafte r provided . 

safe 
and 

23.0 EXTENSION OF TINE-CONTRACTOR' S WAIVER OF DMIAGES FOR 
DELAY 

If Contrad:or' s performance of t he Hork be delayed by 
any condi tion bey ond the control a nd with out t he fault or neglige nce 
of c ontractor a nd \-Jhich \'Jas not . fores eeable by Contractor at the ·time 
·this contrac t Has entere d int o , Contract or s hall , withi n sev e n 
{7 ) days of ·th e comme nce ment of any s uch delay give to the Company 
written n ot ice ·t hereof and of the ant icipa t ed results t hereof. 
Within seven (7) days of the terminat ion of any such delay , 
Contractor shall file a written notice with t h e Company specifying 
the actual d u r a tion of t h e de lay. Failur e to give either of the 
above notices s hall be s ufficient grou nd for denial of a n ex·tension 
of time . If ·the Company d e t e rndn,e s that the delay was beyond the 
con t r ol a nd wi thout the f ault or negl i g e nce o f Contract or a nd not 
foreseeabl e by Contractor at t he ·time t .h is contrac·t was en ter ed 
into, the company shall det ermi ne t he dura t ion of t h e delay and 
sha ll extend the time of performan ce of this cont r act t h e r eby . 
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Sheet No. lA - 9 

Contractor shall not be entitled to, and hereby expressly 
waives recovery of any damages suffered by reason of the 
delays contemplated by this Paragraph 23 and extension of time 
shall constitute Contractor's sole remedy for such delays. 

24.0 ACCOUNTING 

The Contractor shall furnish complete accounting information 
and cooperate with the Company's accoun~ing practice. 

25.0 FINAL ACCEPTAtlCE BY OWNER 

As soon as practicable after completion of all the work, 
full inspection and/or tests will be made by the Company. When such 
inspection andfor tests have proved that the work is in 
accordance with the requirements of this contract, the Manager of 
Construction shall notify Contractor in writing of final 
acceptance of the work. Use of the work by the Company andfor 
another contractor does not constitute acceptance. 
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Sheet lB-1 

SECTION lB - S~UffiY OF WORK 

1.0 INTRODUCTION 

2.0 

The intent of this spscificaticm is to provide the services 
of a Contractor and certain items of material necessary to 
construct a new ash pond complete with & liner at the 
Labadie power plant located outside of Labadie, ~issouri. 

This Contractor will work in close harmony with other 
Contractors or Union Electric personnel who may be employed 
at this site. In the event of differences of opinion 
regarding scheduling of work, the decision of the company 
will be final and binding. 

DESCRIPTION OF . WORK 

The scope of work shall consist of procuring, delivering, 
receiving, unloading at the worksite, storing, and instal­
ling all materials and other items necessary to perform the 
work as described below: 

A. 

B. 

Site Clearing: Clear the pond area and fill areas of 
all trees, plants , debris, and o·ther items as required 
to permit grading of the site as detailed on the 
drawings. Cleared vegetation and debris shall be in 
disposed of accordance with Section 02200 of the 
specification . 

Grading: 
* Remove approximately ·the top 6" of t.opsoil, 

vegeta·tion, etc. s ·tockpile topsoil and stock­
pile . 

Excavat.e the soil from wit.hin pond basin, construc·t 
the nev.J ash pond 2 7 1 --s high dikes ( sout:h and west 
side of the pond) and the 3 ~ -o high berms (north 
side of ·the pond) by placing and compacting the 
excava·ted ma·terial in accordance with Section 
02200 of the specification. The elevation of the 
top of ·the liner in ·the southwes·t corner adjacent 
to t h e pumping station shall be 460.0. 

-::r The cleared existing slopes on the north and wes·t 
side of the pond shall receive 6 13 of compacted 
clean soil to cover all rocks, tree roots, grass, 
etc . Th is soil shall be compac-ted ti-Jith a drum 
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Specification No. EC- 2574 
Sheet lB-2 

roller to provide a smooth surface for placement 
of synthetic liner. 

Finish grade the pond bot tom to provide a constant 
slope from all parts of the pond down to the 
pumping station (elev 460.0). Final compaction of 
the pond bottom shall be performed with a drum 
type roller to provide a smooth surface for 
placement of synthetic liner . 

Spread and compact the stockpiled topsoil over the 
- top and outside face of the ne\'J dikes and on all 
surfaces of the new 3'-0 high berms. 

c. Erosion Protection: Provide and install a continuous 
l~ne of straw bales along propert y lines and other 
erosion prone areas , if required for erosion control 
during construction. 

D. Pumping Structure: Construct t he pumping structure as 
detailed in the drawings. This structure will house 
submersible pumps which will be used to pump excess 
water from the new pond to the existing pond. 

E. Liner installation: Provide and install a 40 mil High 
Density Polyethylene (HDPE) pond liner over the entire 
pond bottom and a 60 mil HOPE liner over the inside 
face of all surrounding dikes. The liner shall be 
installed in accordance to the manufactur er s s pecif i­
cations including quality control testing as specified 
in the approved manufacturer's QC manual. 

F. Seeding: Preparation of the seed bed, fertilization, 
seeding, and mulching of the top and outside face of 
the new dikes and all surfaces of the 3 ' -0 high berms . 
Water and maintain seeded areas for six weeks from date 
of seeding. 

3.0 COMPANY AND MANUFACTURER'S DRAWINGS 

3.1 Provided By Union Electric 

The following drawings are intended to indicate the scope of 
the work to be done and details necessary for the instal­
lation of items set forth in this specification, and are 
part of this specification. These drawings in general are 
to scale, but figures shall always be followed and 
drawings are not to be scaled. In case of errors or 
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Sheet lB-3 

discrepancies , the Engineer s hall be c ons ulted f or the 
a d justmen·t of all complication arising t herefrom . The 
Engineer 's decisions s hall _be final. 

The Contractor shall field ver ify the dimensions as noted 
and shall give due consideration to t h e areas where field 
fitting and adju stments will be required in congested areas 
as noted on t h e drawings. 

U.E. Drawing No. Rev . No. Dr awing Title/Description 

8500-X-12 6563 2 Property - Plan 
Ne\-'1 Ash Pond 

8500 - X-124893 0 Property- - Plan 
Proposed Ash Pond 

8500-X-124136 1 Property Plan 
New Roadway & Ash Pond 

8500-X-124829 0 Ash Silo/Truck Loop 
Site And Grading Plan 

8500-X-124830 0 Ash Silo/Truck Loop 

3 . 2 

Profile And Details 

Pr ovided by t:he Con·tractor 

The contract or shall submit to the Company, with such 
prompt ness as to cause no delay i n t he pe r formanc e of t he 
\-Jerk, 5 cop ies of s h op drat·dng, pr oduct data sheets , e t c. , 
as r e qui r e d by t his spec ificat i on . No purchasing, fabr i ­
cat.ion ~ erection , pr ocessing , or shipp ing of the aforemen­
tioned ma·terials may begin ~mtil the required documen·tation 
has been revie;;.-Jed by t h e Engineer. 

Samples a nd da·ta r equi r ed ·to be s ub:rni t t ed to Un ion Electric 
s hal l be forwarded ·to : 

Un ion Elect:ric Company 
J . W. Ri nke -Manager , Cons truction 
P . O. Box 149 , Mail Code 450 
St. Louis g MO 63 166 

Appr ova l s amples a nd data s heets shall be r evie-;;-Jed a nd 
r eturned to t he Cont r actor wit hin ten worki ng days after 
rece i pt. Approval is for general design features only and 
will not r elieve the Contract or of r esponsibility for proper 
quant i t i es, a dequacy o f details ; and coordi nation ;;.-t i ·t h other 
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trades. Deviation from contract Documents are not approved 
unless specifically requested in writing by the Contractor 
and approved in writing by the Company. 

Should field changes be required, such changes shall be 
promptly documented by the contractor and submitted to the 
Company in the form of as-built drawings. 

4. 0 MATERIALS AND EQUIPMENT SUPPLIED BY THE COMPANY 

The materials and equipment that are to be furnished by the 
company are listed in the schedule below: 

5.0 MATERIALS AND EQUIPMENT FURNISHED BY THE CONTRACTOR 

All materials, equipment, tools, and any incidental items 
{except those specifically stated above) necessary to 
complete each portion of the work described herein andjor 
shown on the drawings shall be furnished by the Contractor. 

6.0 UTILITIES, FACILITIES, AND MISCELLANEOUS 

The following utilities, facilities, etc., shall be provided 
as indicated. 

A. 

B. 

c. 

D . 

E. 

Item 

Telephone Service for Use of 
Construction Forces 

Sanitary Facilities 

Drinking Water 

Construction Water 

Electric Service 

7.0 SCHEDULE 

Provided By 

Contractor 

Contractor 

Contractor 

Contractor 

Contractor 

The Contractor shall be required to furnish the Company with 
a complete schedule of the Work to be performed under this 
contract broken down by activity. The schedule shall 
include a listing of the Contractor's estimate of mandays 
required for each activity by craft. The schedule shall be 
included as part of bid package presented by the Contractor. 
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The schedule shall comply with the dates and guidelines 
listed below: 

A. The required finish elat e of this cont ract i s November 
l.q 1992o 

D. The level of detail in each schedule shall be suffi­
cient to penni.t t.he Company to monitor the . Contractor 1 s 
performance relative to the specified guidelines . The 
activities should be depict ed in such a ma nner that 
preceden-t relationships between activities are shown. 

E. The Contractor shall furnish update reports at two ( 2 ) 
week in·tervals un·til the work is completed. These 
reports shall indicate by activity the scheduled % of 
completion as sho,-Jn on the original schedule, the 
actual % completion as of the date of the report , and 
the nll1llber of mandays expended on the project to date . 

If at any time during this Contract, when the Contractor's 
actual progress, in the opinion of the Company, is such that 
the completion dates of the work will not be met, the 
Contractor shall participate in a re-evaluation of the 
remaining work . 

If , as a resul·t of ·this r e - evaluat .ion of the remaining \oJOr k, 
it is de t e rmined by the Company tha·t the completion date 
\-Jill not be me·t , t he Comp a ny r etains the right to direct the 
Contractor to accelerate the construction program. It s hall 
be ·the responsibility of the Contrac-tor ·to initiate and 
comply with such correctiv e ac·tion as required or directed . 

A·t the ·time of the m.;ard of t his con·tract, scheduling 
requirements \-fi ll b s discussed i n detail by all i n·terested 
par-ties . 
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PART 1 - GENERAL 

A. SUMMARY 

SECTION 02200 

Specification No. EC-2574 
Sheet No. 2200 - 1 

SITE PREPARATION AND EARTHWORK 

This Section includes all excavating, trenching, filling, 
embankment construction , backfilling, compacting, grading 
and all related items necessary to complete the work 
indicated or specified . 

B. REFERENCES 

1. Applicable Standards 

a. American Society For Testing and Materials 
(ASTM): 

(1) C88 - Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate. 

(2) 0698 - Moisture-Density Relations of Soils 
and Soil-Aggregate Mixtures, Using 
5.5-Pound (2.49 kg) Rammer and 12-Inch 
{304.8 mm) Drop. 

(3) 01241 - Materials for Soil-Aggregate 
Subbase, Base and surface courses . 

(4) 04253 - Maximum Index Density of Soils 
Using a Vibratory Table. 

(5) 04254 - Minimum Index Density of Soils and 
Calculation of Relative Density. 

b. Occupational Safety and Health Administration 
(OSHA): 

C. SUBMITTALS 

(1) Part 1926 - Safety and Health Regulations 
for Construction. 

1 . Submit as specified in DIVISION 1. 
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~Jhere selec·ting an option for excavations, trenching 
and shoring design :from "OSHA Part 1926, n which 
requires d,esign by a Registered Professional 
Engineer, submit (for information only and not for 
Engineer approval) copies of design calculations and 
notes for sloping, benching, support systems, shield 
systems, and other protective systems approved by the 
Registered Professional Engineer obtaineO. by 
Contractor. 

PART 2 - PRODUCTS 

A. MATERIALS ENCOUNTERED 

1. 

2. 

3. 

Materials suitable for use in embankment and fill 
include material that is free of debris, roots, 
organic matter, frozen matter and which is free of 
stone having any dim,l:msion greater than 2 inches in 
areas requiring a high degree of compaction, or 4 
inches in ot:her embankment and fill areas. 

a. 

b. 

Cohesionless materials include gravels, 
gravel-sand mixtures, sands, and gravelly sands 
generally exclusive of clayey and silty 
material--materials which are free-draining and 
for which impact compaction will not produce a 
\iell-defined moisture-density relationship curve 
and for which the maximum density by impact 
methods will generally be less than by vibratory 
methods. 

Cohesive materials include silts ' and clays 
generally exclusive of sands and gravel-­
materials for \-:Thich impact compac·tion -...Jill 
produce a 'O'fell-defined moisture-d,ensity 
relationship curve. 

Naterials unsui·table for use in embankment and fill 
include all ma·terial tha·t contains debris, roots, 
organic matter 1 frozen matter, stone (with any 
dim,ension greater ·than 2 inches in areas requiring a 
high degree of compaction or 4 inches in other 
embankment and fill areas), or other materials that 
are determined by Engineer as too 'Wet or othen-1ise 
unsuitable for providing a stable subgrade or stable 
foundation for structures. 

All material~ encountered, regardless of type, 
character, composition and condition thereof shall be 
unclassified. Rock encoun·tered shall be handled a·t 
no addi·tional cost to owner. 
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Waste material includes excess usable materials and 
materials unsuitable for use in the Work. 

5. Bor row materials s hall be obta ined from areas shown 
on the plans . 

B. GRANULAR MATERIAL 

Granular bedding material except for use with High 
Molecula r Weight -High Density Polyethylene (HOPE) 
pipe s hall be crushed stone or gravel indicating a 
loss of not more t han 15 percent after 5 cycles when 
tested for soundness with sodium sulfate as described 
in ASTM CSS. Granular bedding material shall conform 
to ISSRBC SECTION 704 - "COURSE AGGREGATE," gradation 
No. CA 11. 

Percent Passing 

100 
60-100 

0-5 

Sieve Size 

3/4-inch 
1/2-inch 
No. 4 

2. Granular bedding material for HOPE pipe shall ·be 
clean natural sand conforming to ISSRBC SECTION 703 -
"FINE AGGREGATES. 111 

C. EMBANKMENT AND FILL MATERIAL 

1. 

2. 

Materia l shall be free of roots or other or ganic 
matter, refuse , ashes, cinders, frozen earth or ot her 
unsuitable material. 

Use for embankment s u itable material sufficiently 
friable to provide a dense mass free of voids and 
capable of satisfactory compaction. 

3. Do not use material containing gravel, stones, or 
shale particles greater in dimension than one-half 
the depth of the layer to be compacted. 

4. Moisture content shall be that required to obtain 
specified compaction of the soil. 

5. Perform any wetting or drying of the material as 
required to (obtain the specified density when 
compacted. 

D. TRENCH STABILIZATION MATERIAL 

Granular material as specified or conform to ASTM 01241, 
Gradation A or B, well-graded, with not more than 10 
percent passing No. 200 sieve . 
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Provide materia ls on site prior to start of 
excavation. Adjust spacing and arrangement as 
required by condit i ons encountered . 

Remove sheeting and bracing as backfill 
progresses. Fill voids left after withdrawal 
with sand or other approved materia l. 

Explosives: Blasting will not be permitted . 

3. Excavation for Structures: 

a. Excavate area adequate to permit efficient 
erection and removal of forms. 

b . 

c. 

Trim to neat lines where details call for 
concrete to be deposited against earth . 

Excavate by hand in areas where space and access 
will not permit use of machines. 

d. Notify Engineer immediately when excavation has 
reached the depth indicated . 

e. Restore bottom of excavation to proper elevation 
with concrete or c ompacted granular material in 
areas overexcavated. 

4. Trenching for Underground Utilities: 

a. Side Walls: 

b. 

(1) Make vertical or sloped within specified 
trench width limitations below a plane 12 
inches above top of pipe. 

(2) Make vertical or sloped (stepped) as 
required for stability, above a plane 12 
inches above top of pipe. 

(3) Excavate without undercutting. 

Trench Depth: 

(1) Excavate to depth sufficient to provide the 
minimum bedding requirements for the pipe 
being placed. 

(2) Do not exceed that indicated where 
conditions of bottom are satisfactory. 

(3) Increase depth as necess ary to r emove 
unsuitable supporting materials. 
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c . Trench Bottom: 

Specification No . EC-257 4 
Sheet No. 2200 - 6 

(1) Pro·tect and main·tain when suitable natural 
materials are e ncountered. 

(2) Remove rock fragmen·ts and ma·terials 
dis·turbed during excavation or raveled from 
trench ~'lalls. 

( 3) Restore ·to proper subgrade \·lith trench 
stabilization material when overexcavated . 
Payment shall conform to the unit price 
stipulated in the BID FORPI for authorized 
replacement of unsuitable materials. 
Correct at no additional cost to owner when 
trench is overexcavated without authority 
or to stabilize bottom rendered unsuitable 
through negligence or improper operations. 

d. Trench ~Hd·th: 

Nominal Pipe 
Size 

(1} Excavate trench to a width which will 
permit satisfactory jointing of the pipe 
and thorough tamping of bedding. 

(2) Do not exceed following trench widths: 

(a) Below a plane 12 inches above top of 
pipe . 

Trench Wid'th 
Minimum · Maximum 

Less than 24 inches 
inches and larger 

Pipe od + 1 foot 
Pipe od + 2 fee ·t 

Pipe od + 2 feet 24 
Pipe od + 3 feet 

(b) .Abov·e plane defined in (a) , no maximum 
limit . 

(c ) Maximum ·trench width limitations shall 
apply in all areas more than 3 feet 
from manhole or struc·ture walls. 

(d) ~Iaximum wid·th shall be as near the 
minimum specified as can be controlled 
by construction e ·quipment and methods 
utilized. 
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