


MEMORANDUM 
 
SUBJECT:  EPA Comments on “Assessment of Dam Safety of Coal Combustion Surface 

Impoundments: City Utilities of Springfield, John Twitter Energy Center (formerly 
Southwest Power Station), Springfield, Missouri” 

 

DATE: January 16, 2014 
  
On Thursday, January 9, EPA held a call with City Utilities of Springfield, MO regarding the utility’s 
comments on the draft report for the John Twitty Energy Center.  The below comment responses 
correspond to the utility’s submitted comment document and are EPA’s proposed revisions to the draft 
report subsequent to the utility’s comments.  
 
 
II. Specific Comments 
 
1.1 

A. Although the language is stock, EPA may want to consider adding a sentence stating, 
roughly: 

“The operation of the John Twitty Energy Center and the findings of this report 
are separate and distinct from any operations or findings that may have taken 
place at other facilities that have been assessed as part of this effort.” 

B. EPA clarified to JTEC that the POOR rating was based on lack of documentation. EPA 
may consider adding language that states, roughly: 

“Although the visual assessment, operation, and maintenance plans of this 
facility appear to be adequate, the lack of structural stability analysis 
documentation merits a POOR rating due to lack of information.” 

 
1.3 

A.  EPA will inform JTEC of an allowed extension to perform stability analyses in an 
appropriate time frame and forward to EPA. This information will be included in the final 
report.  

B.  JTEC will be allowed to provide the documentation. 
C. JTEC has provided this documentation and will be included in the final report.  
D. No response 
E. JTEC will provide a description of the monitoring and surveillance program and provide 

EPA with documentation speaking to that effect. 
F. JTEC will be allowed to provide the documentation. 

 
1.4 

A. EPA has asked for documentation of a basic H/H analysis which JTEC will be afforded 
the opportunity to supply.  

B. EPA will rectify this language to ensure it accurately reflects state of Missouri 
requirements, while JTEC has committed to submitting any EAP plans available for 
incorporation in the final report. This is a requirement of the report that is independent of 
state regulation and provides information on the over operation of the unit. 

C.  No response 
D. JTEC has committed to submitting updated monitoring well information including 

location and monitoring well plan 
 



2.1  
 A. EPA will make change 
 
2.2 
 A. EPA is willing to amend the language to “clear supernatant.” 

B.  EPA is willing to clarify the waste handling of FGD and boiler slag at the plant, as 
explained by JTEC. JTEC may submit language explicitly defining this management of 
wastes.  

 
2.3 
 A.  No response 
 B. EPA will amend report to reflect clarification 
 
2.4 
 A. EPA agrees with JTEC and will recommend the appropriate volumetric calculations are 
reflected in the final report 
B. No response 
 
2.5 
 A. No response 
 B. EPA will make the clarifying changes to the final report regarding the outlet structures 
 
2.6. 
 A. No response 
 
3.1 
 A. EPA will reflect this information with the submittal of sample monitoring checklists by 
JTEC 
 
3.2 
 A. No response 
 
3.3 
 A. EPA will reflect this information with the submittal of sample monitoring and 
surveillance checklists by JTEC 
 
4.1 
 A. No response 
 B. EPA will make the clarifying changes to the final report regarding the outlet structures 
 C. EPA will make the clarifying changes to the final report regarding the outlet structures 
 
4.2 
 A. EPA will reflect clarification in final report 
 B. JTEC will submit language regarding Missouri DNR instructing the removal of 
emergency spillways. 
 
5.1 
 A. Clarification will be reflected in final report 
 B. EPA will insert language clarifying the specific guidelines from FEMA being used 
 C. EPA will clarify 
5.2 



 A. No response 
 B. EPA will clarify 
 
5.3  
 A. No response 
 B. EPA will clarify 
 

 
 

Additional EPA Comments: 
 
DATE:  August 12, 2013   
 

1. Please remove the blank page following the cover page. 
2. On pages 2‐1 and 2‐2, Sections 2.2.3 and 2.2.4, please add a statement in each subsection as to 

how the waste is being handled.  Also, in section 2.2.4, in the first line following “stored” add 
“in”. 

3. On page 4‐1, Section 4.1.1, first paragraph, first line, replace “JETC” with “JTEC”. 
4. In Section 4.1.1 (page 4‐2) the report states that “The common dividing embankment 

construction plans also show a 12‐inch thick pond liner (liner), comprised of compacted lime and 
fly ash”. In Appendix B, under liner, on “page 3”, the report indicates “clay”.  Please rectify this 
inconsistency. 

 





Comments of City Utilities of Springfield, Missouri on 
“Assessment of Dam Safety of Coal Combustion Surface Impoundments – Draft 

Report” 
 

Report Prepared for USEPA by CDM Smith, July, 2013 (Revision 1) 
Comments prepared by City Utilities staff, November 2013 

 
I. General Overview 

The draft report describes the results of inspection occurring on August 27 and 28 
by CDM Smith, accompanied by City Utilities (CU) personnel. The report states 
that the inspection revealed adequate operational procedures, adequate 
maintenance procedures, and no structural defects in the ash holding ponds at 
John Twitty Energy Center (JTEC).  Yet the inspectors inexplicably rated the 
holding ponds at as “poor” with respect to continued safe and reliable operation in 
the future.  As explained in the comments below, City Utilities adamantly 
disagrees with this unfounded characterization and welcomes the opportunity to 
correct the record of inspection.  
 
CDM Smith, acting as contractor for USEPA, appears to have based their 
inaccurate ranking, despite empirical observations to the contrary, on certain 
documentation they claim was not provided by CU, certain Missouri safety 
regulations, and certain design flaws.  In short, the records in question were not 
provided because they were not requested by CDM Smith, the regulations they 
cite do not apply to ponds as small as those at JTEC, and the design appears to be 
misrepresented, and possibly misperceived, by the report’s authors.  These and 
other shortcomings of the report are described in the section-by-section review 
below.  CU feels that it would be virtually impossible to correct all of the 
inaccuracies of the draft report in one editorial effort.  At a minimum, the 
inspectors should return to the site for additional information or, at a minimum, 
afford CU the opportunity for a conference meeting or call to address these errors.  
 
The report also characterizes the JTEC ponds as having a “low” hazard potential 
rating with respect to downstream impacts.  CU agrees with this straightforward 
assessment, since any impacts from the unlikely event of an impoundment failure 
of these small ponds would undoubtedly remain confined to the plant grounds.    

 
II. Specific Comments 

 
Section 1 – Conclusions and Recommendations 
1.1.  Introduction 

a. The opening stock language concerning the unfortunate 2008 event at 
TVA’s Kingston plant appears to convey the notion that the JTEC ponds 
are similar in size and function.  Although this inaccurate depiction is 
ameliorated somewhat in the hazard assessment finding, this does not 
appear until late in the third paragraph.  This should appear earlier and 



specifically denote that the finding makes a Kingston-style incident 
veritably unlikely. 

b. The third paragraph includes the opinion that the JTEC ponds are “poor” 
for continued safe and reliable operation.  For the reasons delineated 
below, CU strongly disagrees with that opinion. 

 
1.2.  Purpose and Scope 

No comments 
 
1.3.  Conclusions 

a. Paragraph 1.3.1 reveals that the ponds appear to be structurally sound, a 
finding which should carry great weight in the overall findings.  This, in 
short, was the primary reason that the inspectors spent two days on site 
rather than conducting the survey by telephone or e-mail.  Unfortunately, 
this positive finding does not appear to inform or influence the general 
conclusions of the report.  Instead the paragraph appears to fault JTEC 
staff for not providing technical support documentation on pond stability.  
According to follow-up discussions with the personnel involved in the 
inspection, CDM Smith did not ask for this documentation, either during 
the inspection or at any time thereafter.  CU questions how this lack of 
response to an unposed question can form the basis for the negative tone 
of the report, when actual field observations would appear to militate 
otherwise. 

b. Paragraphs 1.32 and 1.3.2 suffer from the same deficiency as noted above.  
The documentation referenced was not provided because it was not 
requested.  These paragraphs appear to have written themselves. 

c. Again, paragraph 1.3.4 refers to documents not requested. The final design 
drawings are included as Attachment 1 to these comments.  

d. Paragraphs 1.3.5 and 1.3.6 chronicle the good condition of the 
impoundments, the outfall structure, the operability, the apparent historical 
integrity, and the adequacy of operating and maintenance procedures. All 
of these observations are affirmed by CU, but they appear to have no 
bearing on the report’s conclusions.  

e. Paragraph 1.3.7 inaccurately states that there is no monitoring or 
surveillance program in place.  In fact the ponds are visually inspected 
daily by plant personnel and the dikes are inspected on a quarterly basis.  

f. Paragraph 1.3.8 again refers to acceptable design and operations but 
concludes with a projection of “poor” future operability due solely to a 
lack of documentation – documentation which was not requested during 
the inspection. 

 
1.4.  Recommendations 

a. CU believes the impoundments are capable of continued safe and reliable 
operation without the need for extensive hydrologic/hydraulic evaluation 
referenced in Paragraph 1.4.1.  We would be willing to discuss alternatives 
with CDM Smith and EPA at your convenience. 



b. Paragraph 1.4.3 states that the State of Missouri requires an Emergency 
Action Plan for coal combustion waste (CCW) impoundments.  We find 
no state regulation that specifically requires an EAP for CCW 
impoundments in general.  Although state dam safety rules do make 
reference to EAP requirements, the small ponds at JTEC are not subject to 
those regulations.  Accordingly, CDM Smith should remove this wording 
from the report. 

c. CU agrees that there were minor areas of vegetation on the inside slopes 
that might benefit from trimming.  While these do not constitute a 
structural safety hazard, they may impede routine inspections.  CU will 
consider reviewing our ongoing vegetation management program 
accordingly. 

d. As discussed below, JTEC has installed a series of monitoring wells in the 
vicinity of the ponds since the time of the inspection.  These wells will 
provide the data and surveillance recommended in paragraph 1.4.4. 

 
1.5.  Participants and Acknowledgments 

No comments 
 

 
Section 2 - Description of the Coal Combustion Waste Management Unit 

 
There is a typographical error in the heading to this section 
 

2.1.  Location and description 
a. The description of the plant physical location is generally correct except 

the zip code should read “65619.”  The zip code shown is for our Post 
Office box. 

 
2.2.  Waste handling 

a. CU generally agrees with the description of fly and bottom ash in 
paragraphs 2.2.1 and 2.2.2.  However, the characterization of bottom ash 
effluent from the three cascading settling basins upstream of the ponds as 
“slurry” is somewhat misleading.  According to online technical 
dictionaries, the term “slurry” is reserved for mixtures containing more 
than 5,000 parts per million (0.5%) solids by weight.  Following three 
successive sedimentation steps, the basin effluent registers far below this 
value and should be referred to as “clear supernatant.” JTEC management 
has implemented measures over the past twenty years to minimize the 
amount of coal combustion residuals that ultimately reach the ponds. 

b. JTEC is a pulverized coal plant, so does not produce boiler slag as a 
general rule, as would a cyclone or slag tap furnace.  Any slag produced 
incidentally (e.g., from temporary variations in coal mineral chemistry) is 
handled and co-disposed with bottom ash.  Similarly, JTEC does not and 
has no future plans to produce waste FGD slurry. The only FGD waste is 
from a dry lime process that is handled and co-disposed with fly ash.  As 



such, Paragraphs 2.2.3 and 2.2.4 are irrelevant as written and convey 
misleading information regarding the design and operation of the plant. 
 

2.3.  Size and hazard class 
a. CU agrees with the recommended size and hazard class ratings shown in 

Table 2.3. These are small impoundments with a vanishingly small 
potential for downstream impacts.  

b. A point of clarification is required in discussing Missouri Department of 
Natural Resources (MDNR) regulation of the ash ponds.  MDNR does 
regulate the quality of ash pond effluent through its Division of 
Environmental Quality.  However, MDNR does not regulate the structural 
or operational aspects of the ponds through its Dam and Reservoir Safety 
Council (MDNR is an umbrella agency. In addition to environmental 
quality, it also oversees dam safety, state parks and historic sites, land 
reclamation, geology and mineralogy, etc.).  

 
2.4. Amount and type of residuals stored 

a. The volumetric calculations appear to assume that the two ash ponds are 
cylindrical in shape (e.g., 3.36 acre area x 12 foot normal pool depth = 40 
acre-feet volume). Actually, both ponds have tapered to conical bottoms, 
resulting in volumes one-third to one-half of the values calculated. 

b. CU agrees with the description of the sources of solids introduced to the 
ponds. 

 
2.5.  Principal project structures 

a. CU agrees with the description of the embankment and earthworks. 
b. The outlet structure description in paragraph 2.5.2 is incorrect in one 

important respect.  The east and west ponds do share a common outlet 
structure, but the outlet is by gravity rather than pumped drainage.  The 
pumps located in the outlet building are used only to recycle clear water 
back to the plant for boiler seals and bottom ash conveyance.  This design 
feature is important to the discussion at paragraphs 4.1, 5.4, and 7.1. In 
addition, the overflow pipes noted in this paragraph are important to the 
discussion in paragraphs 4.2 and 5.4.  

 
2.6.  Critical infrastructure downstream 

We generally agree that an unplanned discharge from the ash ponds would 
not impact critical infrastructure downstream.  We would also add that the 
entire volume would likely be contained within the plant grounds. A series 
of onsite berms constructed to control storm water sediment loading would 
make onsite containment even more likely. 

 
Section 3 – Summary of Relevant Reports, Incidents, and Permits 
 
3.1.  Summary of reports on safety  



JTEC personnel were correct in their assessment that there have been no 
structural problems, accidental releases, or similar safety incidents 
associated with the ash pond embankments.  The plant has been 
operational for less than forty years and numerous employees, past and 
present, can attest to this safety record. 

 
3.2.  Summary of local, state, and federal environmental permits 

Permit information is correct as described.  It should again be noted that 
the MDNR permit is an effluent discharge authorization and does not fall 
under the purview of MDNR’s Dam and Reservoir Safety Council. 

 
3.3.  Summary of spill/release incidents 

JTEC personnel were correct in their assessment that there have been no 
accidental spills or releases associated with the ash pond embankments. 
DDM Smith indicates they cannot prove this because no performance 
records were produced by plant personnel. As noted above, JTEC 
personnel do maintain records of daily visual inspections and quarterly 
embankment inspections.  Undoubtedly, any accidental discharge or 
breach would have been noted by plant personnel, duly recorded, reported 
to MDNR, and the resulting report provided to the inspectors on request.  

 
Section 4 – Summary of History of Construction and Operation 
 
4.1.  Summary of construction history 

a. CU generally agrees with the contents of paragraph 4.1.1 regarding 
original construction, except that the third paragraph related to the divider 
rock berms should be moved to 4.1.2. As indicated on the original Burns 
and McDonnell drawings in Appendix C of the report, these dividing 
berms were added at a later date.  This occurred in the mid-1990s. 

b. The last paragraph of 4.1.1 repeats the erroneous description of the outfall 
as a pumped discharge.  See comments to paragraph 2.5. 

c. This same paragraph includes a description of the overflow pipes. These 
were added in 1986 and their description should also be moved to 
paragraph 4.1.2. 

 
4.2  Summary of operational procedures 

a. This section requires the same corrections noted for 4.1.1. The divider 
rock berm was not part of the original operation. Rather, ash was allowed 
to accumulate in the entire volume of each pond and cleaned out 
periodically.  As a result of the over-excavation and liner damage noted in 
paragraph 4.1.3, plant management elected to design and install the 
divider berms to limit the amount of pond volume used for sedimentation.  
This in turn reduced the need to entirely drain the pond during cleaning 
and reduced the possibility for future liner damage. This change should be 
noted in paragraph 4.2.2. 



b. The other change indicated in our comments to paragraph 4.1 should also 
be added to 4.2.2.  The 12” overflow pipes serving each pond were added 
in 1986 to replace the original overflow spillways (as shown in detail on 
the original drawing, Appendix C). This change was required by Missouri 
Department of Natural Resources to ensure that any overflow discharge 
would be directed to the measurement weir and reported in discharge 
monitoring reports.  To date, there has never been a discharge through 
these overflow pipes. 

 
Section 5 – Field Observations 
5.1.  Project overview and significant findings 

a. In the second paragraph Ted Salveter, P.E. is identified as JTEC 
personnel.  Mr. Salveter actually works for our corporate Environmental 
Affairs Department and is not directly connected to JTEC. 

b. The report references Federal Guidelines for Dam Safety published by 
FEMA (April 2004).  FEMA applies this title to an entire suite of 
publications; the report should indicate which specific guideline 
document(s) are germane.  

c. The report should also indicate that FEMA guidance is, in fact, only 
guidance.  Dam safety regulations are the responsibility of the states and, 
as noted, Missouri regulations exempt small impoundments like the JTEC 
ponds. 

 
5.2.  West impoundment 

a. CU agrees with the findings that the west impoundment is in good 
condition with no evidence of seeps, cracks, burrowing, or other potential 
problems. 

b. We technically disagree with the term “dam” to describe the impoundment 
face.  Under the Missouri dam safety statute, the term “dam” is reserved 
for retaining structures 35 feet or more in height. We would suggest the 
alternate term “embankment,” as is used elsewhere in the report. 

 
5.3.  East impoundment 

a. CU agrees with the findings that the east impoundment is in good 
condition with no evidence of seeps, cracks, burrowing, or other potential 
problems. 

b. We technically disagree with the term “dam” to describe the impoundment 
face.  Under the Missouri dam safety statute, the term “dam” is reserved 
for retaining structures 35 feet or more in height. 

 
 
5.4.  Outlet structures 

a. Paragraph 5.4.2 describes the outlet system as having an integral pump.  
The pump station actually serves to recycle water to the plant and is not 
integral to the pond outlet.  Water is discharged from the pond by gravity 
drainage through the piping and weir identified in this paragraph. 



b.  Paragraph 5.4.3 indicates no emergency spillway, which is technically 
incorrect.  As shown in the original drawings (Appendix C of the report 
and Attachment 1 to this response), each pond was originally designed 
and constructed with an emergency overflow and spillway system.  In 
1986 MDNR required CU to replace the free-flowing spillways with the 
overflow piping system shown in photograph 5.9 and indicated in 
paragraph 5.4.2.  As noted above, this was to ensure that any emergency 
overflow would pass through the measurement weir for recording and 
reporting.  JTEC has never experienced an emergency overflow on either 
pond. 

 
Section 6 – Hydrologic/Hydraulic Safety 
 
6.1. Supporting technical documentation 

a. Plant personnel are correct in their observation that the ponds have never 
experienced flooding.  Accordingly, there is no record of such an event. 

b. Paragraph 6.1.2 again references the discharge capacity of the pumping 
station.  The pumping station is designed to return flows to the plant, not 
to discharge water from the ponds. 

c. We agree with the general assessment in paragraph 6.1.2 that overtopping 
of the pond is unlikely.  This observation stems from the fact that it has 
never occurred despite 24-hour rainfalls as great as 6.8 inches (September 
1-2, 2010; see Attachment 2a), a figure very near the 100-year storm of 
7.58 inches (Attachment 2b). 

d. Plant personnel are unable to determine the origin of the 9.6 MGD 
allowable discharge rate included in the NPDES permit and referenced in 
paragraph 6.1.3.  This value appears to have been carried over from 
historic permit application data and is not reflective of current hydraulic 
flows.  A plant water balance diagram submitted for the latest permit 
renewal (Appendix C, Document 04 of the CDM Smith report) shows 
total peak inflows to the ponds to be 8.56 MGD.  However, this value 
includes 4.0 MGD for ash sluice water, which originates from the pond 
itself (shown as Flow line 13 in the diagram), leaving a net maximum 
inflow of 4.56 MGD. This figure includes a 3.7 MGD peak storm water 
contribution.  CU would be happy to discuss further the hydraulic 
capacities of the outfall structure and emergency overflows at your 
convenience.  

e. CU generally agrees that no significant property or infrastructure damage 
would result from a downstream flood.  However, we question whether an 
unlikely breach in an ash pond embankment would result in any 
downstream impact at all.   

 
6.2.  Adequacy of supporting technical documentation 

a. Paragraph 6.2 again references the discharge capacity of the pumping 
station.  The pumping station is designed to return flows to the plant, not 
to discharge water from the ponds. 



b. As indicated, JTEC personnel would be pleased to provide information 
and documentation regarding precipitation and design features of the 
outfall if requested. 

 
6.3.  Assessment of hydrologic/hydraulic safety 

a. CU agrees with the general observation that the design and operation of 
the impoundments are consistent with the indication of no past 
overtopping of the embankments.  

b. If additional consultation and documentation are required to buttress these 
observations, CU would be happy to discuss these needs with the 
reviewers. 

 
Section 7 – Structural Stability 
 
7.1. Supporting technical documentation 

a. Paragraph 7.1.1 correctly states that these impoundments are exempt from 
Missouri dam safety laws and regulations but asserts that this is merely 
due to their age and “grandfathered” status.  In fact the embankments are 
exempt owing to their small size.  The Missouri statute applies only to 
dams greater than 35 feet and height and impounding over fifteen acres of 
surface water.   Smaller ponds, such as those at JTEC, are recognized as 
presenting far less hazard and are not required to perform stability 
analyses.  Accordingly, the entire discussion of paragraph 7.1.1 is out of 
order to the extent that it references any requirement of state statute or 
regulations.  

b. Paragraph 7.1.2 states that CDM Smith did not receive information on 
design parameters for fill materials used in embankment construction.  
This information would have been provided if requested.  The 
construction drawing provided by JTEC and included in Appendix C of 
the report includes written specifications for embankment materials.  This 
drawing accompanied written specifications in Contract 343, which 
includes additional specifications on construction materials, as shown in 
Attachment 3.  

c. Paragraph 7.1.3 indicates there are no groundwater piezometers installed 
at JTEC at the time of inspection.  We would first observe that JTEC, 
unlike most power stations reviewed by EPA, is in an upland location 
where groundwater fluctuation is unlikely to disrupt the integrity of the 
ponds or liners. In addition, there is now a network of nine piezometers in 
the general area of the landfill as shown in the map included as 
Attachment 4.  This attachment also includes piezometer data taken to 
date, which indicate adequate separation between the lowest pond 
elevation and the phreatic surface. 

d. CU agrees that JTEC is located in a low seismic hazard area.  A recent 
analysis conducted for CU by Anderson Engineering, Inc. supports this 
finding and is included as Attachment 5.  

 



7.2. Adequacy of supporting technical documentation 
CU provided all of the data requested by CDM Smith and is providing 
additional documentation herewith.  The conclusion that adequate 
documentation does not exist is therefore unfounded. 

 
7.3. Assessment of structural stability 

JTEC staff would be pleased to discuss the nature of the data and 
documentation necessary for CDM Smith to complete the assessment of 
structural stability of the embankments. 
  

Section 8 – Adequacy of maintenance and Methods of Operation 
 
8.1. Operating procedures 

JTEC has not reduced pond operating procedures to a written manual.  CU 
agrees that such a document might be helpful to a better understanding of 
the system under inspection. 
 

8.2.  Maintenance of the dam and project facilities 
JTEC has not reduced pond operating procedures to a written manual.   

 
8.3.  Assessment of maintenance and methods of operations 

JTEC agrees with the finding that the operational and maintenance 
procedures for the impoundment appear to be adequate.  CU will take 
under advisement the recommendation to implement written procedures. 
  

Section 9 – Adequacy of Surveillance and Monitoring Program 
 
9.1.  Surveillance procedures 

JTEC maintains historical records of impoundment inspections in the 
administrative office at the plant.  These could readily be provided to 
CDM Smith for review on request. 
 

9.2.  Instrumentation monitoring 
Since the time of the inspection, JTEC has installed a network of nine 
piezometers in the general area of the onsite landfill.  Two of these are 
located near the east ash pond but are not installed in the embankment 
structure itself. In-bank piezometers are typically deployed as an 
investigative tool when visual inspection indicates potential structural 
problems. The JTEC embankments have never evidenced any problems 
requiring such follow-up. 
 

9.3.  Assessment of surveillance and monitoring program 
a. JTEC agrees with the finding that the inspection program for the 

impoundment is adequate.  As noted above, the records recommended 
in paragraph 9.3.1 are already retained at the plant. 



b. Monitoring wells recommended in paragraph 9.3.2 have already been 
installed in conjunction with another project. These wells would serve 
the purpose suggested in this finding. 

 
 
III. Summary and Conclusion 

 
The draft report is accurate in many respects regarding observations of the 
current condition and past practices associated with the subject 
impoundments.  However, there are numerous errors demanding 
correction regarding, for example, facility personnel, pond outlet design, 
emergency outlet features, regulatory status, and other respects.  These 
corrections, together with the additional technical information submitted 
herewith, necessitate a reevaluation of the future operational integrity of 
the JTEC ponds.    
 
The report describes a supernatant ponding system that is well designed, 
operated, and maintained.  Aside from a small area of vegetative 
overgrowth, no unsatisfactory features were elicited during the two days 
of inspection.  Even this vegetation was found only to constitute a 
hindrance to inspections, not a threat to structural integrity.  Operating and 
maintenance procedures were found to be satisfactory, although they 
might benefit from being reduced to writing.  The structure has proven to 
be hydraulically and structurally capable of withstanding rainfall events of 
historic magnitude. Seismic disturbance is not an issue, and newly 
installed monitoring wells indicate groundwater forces are similarly of no 
concern. The only remaining review feature appears to be a stability 
analysis, which is not required for these ponds owing to their unregulated 
status under Missouri statute.   
 
Accordingly, the report’s conclusion that the future operability of these 
ponds for their intended function falls into the “poor” category appears to 
accrue squarely from the mere fact that the ponds are unregulated.  In our 
view the report should highlight the fact that JTEC staff admirably 
continues to operate the ponds in a safe and prudent fashion despite the 
lack of a regulatory impetus.  Instead the report leaves an impression that 
no pond is safe unless it is regulated, and that no facility is too small to 
escape that net.  We hope our perception on this point is in error and that 
the report’s authors will work with us to correct the report and its findings 
at the earliest practicable convenience.  
 
     
 
 
 

 



Attachments 
 

Attachment 1. Final drawings from Contract 343 
 
Attachment 2a.  24-Hour Rainfall Peaks Recorded at JTEC 
 
Attachment 2b. National Weather Service Storm Frequency Matrix for 
Springfield, MO 
 
Attachment 3. Embankment Fill Material Specifications from Contract 343 – 
Power Station Yard Structures 
 
Attachment 4.  2013 Piezometer Study 
 
Attachment 5. JTEC Seismic Study, Anderson Engineering, 2011  

 



 
 
 
 
 
 
 
 
 
 

Attachment 1. Final drawings from Contract 343 









 
 
 
 
 
 
 
 
 
 
 
 

Attachment 2a.  24-Hour Rainfall Peaks Recorded at JTEC 
 
 

JTEC Notable Rain Events

Date 
Rain 

(Inches) 
Corresponding 

Dates 

Add'l 
Rain 

(Inches) 

Total 
Rain 

(Inches) 

5/30/2013  3.1 5/31/2013 0.9 4 

9/15/2012  4.6 9/14/2013 0.3 4.9 

4/25/2011  3.5 4/24/2011 2.6 6.1 

9/1/2010  5.4 9/2/2010 1.4 6.8 

5/1/2009  1 30‐Apr 0.6 1.6 

4/13/2008  6 N/A    6 

6/11/2007  1 6/12/2007 0.75 1.75 

6/27/2007  3.5 6/27/2007 0.7 4.2 

9/17/2006  1.75 N/A    1.75 

7/30/2004  0.65 7/29/2004 2 2.65 



 
 
 
 
 
 
 
 
 
 
 
 

Attachment 2b. National Weather Service Storm Frequency 
Matrix for Springfield, MO 







 
 
 
 
 
 
 
 
 
 
 
 

Attachment 3. Embankment Fill Material Specifications from 
Contract 343 – Power Station Yard Structures 



DIVISION 2 - SITE WORK

ZA - SITE PREPARATION AND EARTIlWORK:
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4. Debris:
a. Dispose of debris from clearing, grubbing and demolition by burying

in areas designated by the Engineer.
b. Debris buried on the site shall be placed a minimum of 5 feet below

finished grade in areas designated by the Engineer~ Locations of
buried debris shall be indicated on Contractor-furnished construction
records.

c. Contractor may claim and salvage any timber which he may consider of
value, but shall not delay in any manner either this contract or other
work with salvaging operations.

S. Materials Encountered:
a. Suitable materials include material that is free of debris, roots, or-

ganic matte.r, frozen matter and which is free of rock with any dimen-
sion greater than one-half the specified loose layer thickness.

3. Clearing and Grubbing:
a. Extent of Work: Perform clearing and grubbing:
(1) As indicated or as necessary to perform excavation, trenching, em-

bankment, borrow and other work required.
(2) Where desired by Contractor for subsidiary purposes subject to

approval.
b. Clearing:

(1) Clearing includes felling and disposal of trees, brush, other
vegetation, and organic soils.

(2) Remove existing fence within the limits of clearing and waste or
store as indicated.

(3) Conduct work in a manner to prevent damage to property and to provide
for the safety of employees and others.

(4) Keep operations within property lines as indicated.
c. Grubbing: .
(1) Remove and dispose of tree stumps and roots larger than 3 inches in

diameter to a depth of at least 18 inches below existing grade
elevation.

(2) Backfill all excavated depressions with approved material and grade
to drain.

2. Applicable Standards:
a. American Association of State Highway Officials Standard Method of

Test (MSHO):
(1) T99 - The Moisture-Density Relations of Soils Using a 5.5-Pound

Rammer and a 12-Inch Drop.
(2) T104 - Soundness of Aggregate by Use of Sodium Sulfate or Mag-

nesium Test.
b. American Society for Testing and Materials (ASTM):

D2049 - Relative Density of Cohesionless Soils.

1. Extent of Work: The work required under this section consists of site
preparation activities and certain items of earthwork common to other
related work as necessary to complete the Work.



7. Dewatering:
a. Control grading around excavations to prevent surface water from flow-

ing into excavation areas of structures.
b. Drai, or pump as required to continually maintain all excavations and

trenches, including cutoff trench for embankment, free of water or
mud from any source, and discharge to approved drains or channels.
Corr~ence when water first appears and continue until work is complete
to the extent that no damage will result from hydrostatic pressure,
flotation, or other causes.
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b. Unsuitable materials include all material that contains debris, roots,organic matter, frozen matter, rock (with any dimension greater than
one-half the loose layer thickness) or other materials that are dete~
mined by Engineer as too wet or otherwise unsuitable for providing a
stable subgrade or stable foundation for structures.

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

d. Cohesive materials include silts and clays generally exclusive of sands
and gravel - materials for which impact compaction will produce a well-
defined moisture-density relationship curve.

e. All materials encountered, regardless of type, character, composition
and condition thereof shall be unclassified. Estimate quantity of
various materials included prior to submitting Bid Form. Rock
encountered shall be handled at no additional cost to Owner.

6• Explosives:
a. Handling: Store and use explosives to conform to local, state and fed-

eral regulations.
b. Blasting:

(1) Blasting shall be performed only under the direction of an employee
of Contractor who is qualified, competent, and thoroughly experienced
in the use of explosives for rock excavation.

(2) Persons handling explosives shall be licensed or otherwise authorized
to use explosives.

(3) Locate charge holes properly and drill to correct depth for charges
used.

(4) Limit charges in size to minimum required for reasonable removal of
material by excavating equipment.

(5) Avoid excessive overbreak or damage to adjacent structures, equipment,
utilities, or buried pipeline and conduit as follows:

(a) With properly designed pattern.
(b) By use of approved explosion mats.

(6) Blasting near utilities shall be subject to approval of owning
agency.

c. Insurance: Before delivery of any explosives at jobsite, Contractor
must have obtained a blasting endorsement on his public liability and'
property damage insurance policy.

2A - SITE PREPARATION AND EARTIlWORK: continued
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2A - SITE PREPARATION AND EARTHWORK: continued

2A-3

Waste Materials:
Includes excess usable materials and materials unsuitable for use in
the Work. ,
Remove unsuitable materials from Work area as excavated.
Deposit such materials in locations and within areas designated by Engi-
neer and as indicated.
Place excavated rock in the interior of waste.area fills so that it
will not be exposed to view.
Grade waste areas and leave them free draining and with an orderly
and neat appearance.

Borrow Materials:
Refers to all fill materials and topsoil obtained. from approved loca-
tions on the jobsite.
Borrow shall include'all excavating, handling, and final disposal of
materials as specified.
Borrow areas shall be as indicated and as designated by the
Engineer.
Material removed from borrow areas shall be as approved.
Leave borrow areas graded to drain and to present a neat appearance.

c. Use pumps of adequate capacity to insure rapid drainage of area, and
construct and use drainage channels and subdrains with sumps as required.

d. Remove subgrade materials rendered unsuitable by excessive wetting and
replace with approved backfill material.

8. Stockpiling:
a. Stockpile in amounts sufficient for and in a manner to segregate materi-

als suitable for the following:
(1) Topsoiling.
(2) Constructing embankments and fills.
(3) Backfilling.
(4) Waste only.

b. Do not obstruct or prevent access to:
(1) Roads and driveways.
(2) Utility control devices.
(3) Ditches or natural drainage channels.

c. Perform in a manner to avoid endangering the work. stability of banks
or structures, or health of trees and shrubs.to be saved.

d. Maintain safe distance between toe of stockpile and edge of excavation
or trench~

e. Stockpile in other areas or off site when adjacent structures, ease-
ment limitations, or other restrictions prohibit sufficient storage
adjacent to the Work. Off-site areas shall be arranged for by Contrac-
tor at no additional cost to Owner.

9.
a.

b.
c.

d.

e.

10.
a.

b.

c.

d.
e.

11. Compaction:
a. Compact subgrades, fills, embankments and backfills usipg a

tamping roller or rubber-tired roller unless specified otherwise.
Tamping roller shall consist of one (1) or more units. Each unit shall
consist of.a watertight cylindrical drum not less than. forty-eight
(48) inches in length and shall be surmounted by metal studs with
tamping feet



2A - SITE PREPARATION AND EARTHWORK: continued

13. Subgrade Preparation:
a. Extent of Work:

(1) Excavate or backfill as required to.construct subgrades to the ele-
vations and grades indicated.

(2) Remove all unsuitable material and replace with approved fill
material, and perform all wetting, drying, shaping, and compacting
required to prepare a suitable subgrade.

b. Subgrade for Fills and Embankments:
(1) After stripping areas as specified in this Section, scarify top

12 inches and wet or dry as required to insure bonding of fill or
embankment material with subgrade.

12. Stripping: Remove topsoil from areas within limits of excavation,
trenching and borrow areas and areas designated to receive embankment
and compacted fill as follows:

a. Scrape areas clean of all brush, grass, weeds, roots and other materi-
als.

b. Strip to depth of approximately 4 inches or to a maximum depth of 18
inches to remove excessive roots in heavy vegetation or brush areas
and as required to segregate topsoil.

c. Stockpile topsoil in areas designated where it will not interfere
with construction operations or existing facilities. Stockpiled
topsoil shall be reasonably free of subsoil, debris, and stones larger
than 2-inch diameter.

d. Remove waste from the work area and deposit in areas indicated and/or
designated by the Engineer.

projecting not less than seven (7) inches from the surface of the
drum and "paced not less than six (6) inches nor more than ten :10)
inches measured diagonally from center to center. The area of each
tamper foot shall be not less than seven (7) square inches nor more
than twelve (12) square inches. Each unit shall be provided with a
suitable tamper foot cleaning device. Where more than one rolling
unit is used, the rolling units shall be pivoted on the main frame
in a manner which will permit the rolling units to adapt themselves
to uneven ground surfaces, and to rotate independently so that each
unit shall maintain even bearing for its full width. When fully
loaded, it shall exert not less than 500 pounds per square inch on
the tamping feet. Tamping rollers shall be crawler tractor drawn or
self-propelled type. Rubber-tired rollers shall be of two types and
will be used where specified. Type I shall have a total weight ranging
from 10 to 15 tons and minimum roller pressure of 300 to 325 pounds
per inch of contact roller width. Type II shall have a total weight
ranging from 30 to 35 tons with minimum load per wheel of 6000 to
8000 pounds. Contact pressure under each wheel shall not be less
than 80 psi. Each lift shall be compacted by the number of passes
specified for the tamping roller or rubber-tired roller.

b. All backfill compaction for piping and structures shall be performed
by other approved methods to specified densities to prevent damage to
piping and structures.

c. Actual number of passes of specified compaction equipment required,
within the range specified, shall be determined by the Engineer.
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2A - SITE PREPARATION AND EARTHWORK: continued

15. Site"Grading:
a. Extent of Work: Excavate, fill, compact fill, and rough grade to

bring project area outside of buildings to subgrades as follows:
(1) For surfaced areas, to underside of respective surfacing or base

course.
(2) For lawn and planted areas, to 4 inches below finished grade whexe

top soil is indicated.

~
I
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(2) Compact subgrade by making 3 to 5 complete coverages with specified
tamping roller. (Engineer shall determine number of passes re-
quired based on field observation).

(3) Moisture content at time of compaction shall not be less than
optimum nor more than optimum plus 6 percent based on that portion
of material which passes a No. 4 sieve.

c. Subgrade for Roadways, Drives, Parking Areas:
(1) Extend subgrade the full width of the roadbed plus one foot outside.
(2) Compact subgrade embankments by making 3 to 5 passes with specified

tamping roller. Moisture content at time of compaction shall be not
less than optimum nor more than optimum plus 6 percent for that
portion of material passing a No. 4 sieve.

(3) Compact the top six inches of subgrades for traffic areas in ex-
cavation by making 3 to 5 passes with specified tamping roller
Moisture content shall be between optimum and optimum plus 6 percent
for that portion of material passing a No. 4 sieve.

d. Subgrades for Concrete Slabs on Grade:
(1) Compact subgrade in embankment areas and in the top six inches in

excavation areas by 3-6 passes with specified tamping roller.
Moisture content shall be between optimum and optimum plus 6 percent
for that portion of material passing a No. 4 sieve.

14. Embankment:
a. Material:

(1) Construct embankments to the contours and elevations indicated,
using suitable approved material from excavations and borrow areas.

(2) Material shall be free of roots or other organic matter, refuse,
ashes, cinders, frozen earth or other unsuitable material.

(3) Use material from designated borrow areas.
(4) Do not use material containing gravel, stones, or shale particles

greater in dimension than one-half the depth of the layer to be
compacted.

(5) Moisture content shall be held between optimum and optimum plus
6 percent for that portion of material passing a No. 4 sieve.

b. Placement:
(1) Place fill material in 4-inch to 8-inch layers in areas requiring

a high degree of compaction and in 8-inch to 12-inch layers in other
embankment areas.

(2) Place embankment only on subgrades approved by Engineer.
(3) Do not"place snow, ice or frozen earth in fill and do not place fill

on a frozen surface.
c. Compaction: Compact each lift with 3 to 5 passes of the specified

tamping roller equipment.

SPGM0(343)
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2A - SITE PREP,\RATION AND EARTHWORK: continued

16. Riprap:
a. Ma terial :

(1) Riprap material may be obtained from structure and area excavations,
and from on-site stockpiles.

(2) Maximuo1 dimension of riprap shall be 18 inches with no more than
10 percent by weight passing the No. 4 sieve.

b. Foundation Preparation:
(1) Trim and dress areas requiring riprap to conform with lines as indi-

cated within an allowable tolerance of 6 inches from the theoretical
slope lines and grades.

(2) Fill areas below tolerance limit with suitable material and compact.
(3) Do not pJ.a~e riprap until the embankment or subgrade has been

approved.
c. Pl.acement:

(1) Place s/:cnes to full course thickness in one operation and in a
manner to avoid displacing the underlying material.

(2) Place stone on the embankment slopes or sub grade to produce a
reasonably well graded mass of stone in close contact and with a
minimum of voids.

b. Rock:
(I) When encountered in grading areas outside of buildings, the ~ro-

visions contained herein shall apply.
(2) Backfill to grade, with earth compacted in place after removing

rock to depths as follows:
(a) Under surfaced areas, to 6 inches below the top of respective

subgrades for such areas.
(h) Under 131.'11and planted areas to 24 inches below finished grade.

c. Fill:---
(I) Fill as required to raise existing grades outside of building areas

to the new grades as indicated.
(2) Such fill shall be performed as specified in "Embankment," this

Section.
(3) Remove all debris subject to termite attack, rot, or corrosion,

from areas to be' filled.
d. Rough Grading:

(1) All areas within the project, including excavated and filled
sections, and adjacent transition areas shall be reasonably smooth,
compacted, and free from irregular surface changes.

(2) Degree of finish shall be that ordinarily obtained from blade grader
or scraper operations, except as otherwise specified.

(3) Finished rough grades shall generally be not more than 0.25 feet
above or below established grade or approved cross sections with
due allowance for topsoil.

(4) Tolerance for areas within 10 feet of building and areas to be
paved shall not exceed 0.15 feet above or below established sub-
grade.

(5) Finish all ditches, swales, and gutters to drain readily.
(6) Unless otherwise indicated, slope the subgrade evenly to provide

drainage away from building walls in all directions at a grade not.
less than ~-inch per foot.

(7) Provide roundings at top and bottom of banks and at other breaks in
grade.

SPGM0(343)
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2D - ASH POND CONSTRUCTION:

Perform as specified in Section 2A, 2B, 2C and as follows:

2. Site Preparation:
a. Perform all clearing, grubbing and stripping as specified in Section

2A of this division, except as noted.

the specified
Perform at a
Moisture
passing a No.

4. Sinkhole Repair:
a. Sinkholes known to.exist in the pond area are indicated. Sinkholes

shall be repaired as indicated.
b. Sinkholes encountered during construction shall be repaired in the

same manner.
c. Fill material shall be approved material from excavation or designated

borrow material.
d. Top 4 feet shall be placed and compacted in lifts as specified for

"Embankment" Section 2A.

1. Extent of Work: The work under this section consists of repair of
inspection trenches, sinkhole repair, pond base stabilization, cutoff
trench construction and embankments and spillway construction.

3. Inspection Trench Repair:
a. Trench walls shall be sloped to stand unbraced, and to allow back-

filling and compaction with specified equipment.
b. Backfill material may be that which was excavated from the trench or

from designated borrow areas.
c. Backfill trenches without compaction to within 4 feet of existing

grade. Then compact in.12-inch lifts the remaining 4 feet of fill.

5. Pond Base Stabilization:
a. The pond base is defined as the pond area below finish contour ele-

vation 1232.0 and as indicated.
b. Grubbing and stripping shall be performed as specified in Section 2A.
c. The upper 12-inch layer of material below the top soil shall be

removed from the pond base area and stockpiled.
iJ .d. Scarify the next 12 inches of soil and recompact with
~\("l ••..•Type II rubber-tired roller, by making 3 to 5 passes.

~.~~'1vll'moisture content between optimum and optimum plus 6%.
{'.,Jt-2:J content shall be based on that portion of the material"'. 1r' 4 sieve.

'~.'P4~a,e. The stockpiled soil of 5c above or designated borrow material shall
~I ,.~ be placed and mixed with 10 percent by weight of flyash and 3 percent
\\e~iJ".....t:.4 by weight of pebble lime as manufactured by the Ash Grove Lime Company
\}e-'I;t' ,...j1{poracceptable alternate. The lime and flyash shall be thoroughly
4 , . Z.~"'/'Imixed with the soil to insure uniform distribution throughout the
/I.'~i il.~?iPl!ft thickness. '0e finished stabilized base shall be 12 inches
F~,l , thick. The mixing shall be,accomplished by blading and scarifying
. or by other approved methods. The Contractor shall obtain the flyash

from the OWner's James River Power Station located approximately 10
miles southeast of the construction site. The flyash must be re-
claimed from an ash waste pond. The flyash shall be the ash material
from the waste pond which passes a No. 100 sieve. The Contractor

J ,(_ ~ll!./t'{' (.yl,-)/jj",l ...i:,./,~,,!,',c(~~.,;i)
j •..~... .?'i. '.. ~.. .. 7 "". ..
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2D - ASH POND CONSTRUCTION: con tinued

6. Cutoff Trench Construction:
a. Excavate cutoff trench as shown on the cross section of embankment

drawing from east spillway to west spillway.
b. The base of the excavation shall be 8 feet wide, minimum, and shall

be carried to a maximum depth of 7 feet below existing grade or to
top of rock, whichever occurs first.

c. Trench walls shall be sloped to stand unbraced, and to allow back-
filling and compaction with equipment as specified.

d. The base of the excavation shall be free of loose material and water
prior to backfilling.

e. Backfill material shall be approved excavated material or designated
borrow material. Moisture content shall be between optimum and optim~
plus 6%. Moisture content shall be based on the material passing
a No. 4 sieve.

shall inspect the site where the flyash is to be reclaimed to de-
termine accessibility and equipment requirements for reclaiming and
transporting the flyash frnm the waste pond to the construction sit~.

f. The stabilized soil shall be compacted in one 12-inchJi!~ with the
speci fied Type'I rubber-tired "roller, and number .of"p~~~es-:--Moisture
content of the stabilized soil at time of compaction shall range froUl
optimum to 6% above optimum. The finished compacted surface shall
be free of surface irregularities such as ruts in excess of one
inch created by compaction equipment, or areas showing segregation of
materials resulting in pockets or seams of essentially granular
materia!.

g. Apply RS-2 asphalt emulsion seal on final compacted stabilized lift'
at the rate of 0.6 ! 0.15 gallons of asphalt/square yard within 6
hours of placement to avoid loss of moisture and damage by the
elements.

standard
not

as indica ted.
Section 2A.

the c1rawings.
the embankments
as specified in

7. Embankments and Spillways:
a. Grubbing and stripping shall be performed as specified in Section 2A

except a 10-foot wide area under the upstream toe of the east-west ,
embankment which is a part of the pond base stabilization.

b. Scarify and recompact the next 12-inch layer except as indicated in
7a. above using the specified tamping roller.

c. Construct embnnkments with material from designated borrow areas in
maximum lifts of 12 inches and compacted with the specified tamping
roller. Haximum size of rock shall be no greater than one half the
lift thickness except where indicated. Rock 6 inches and greater can
be placed in the downstream face of the east-west embankment as indi-
cated. Larger size rock shall be placed in the bottom portion of the
downstream riprap.

d. Moisture content of all material to be compacted shall be above
optimum moisture content for material passing a No. 4 sieve but
greater than 6% above optimum.

e. Spillways shall be located as shmm on
f. Riprap shall be placed on the faces of

Riprap material and placement shall be

I •
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2D - ASH POND CONSTRUCTION: continued

Lift Thickness Compaction Reg.
12 inches 3-5 passes

12 inches 3-5 passes

12 inches 3-5 passes

12 inches 3-5 passes

12 inches 3-5 passes

Numbers 1 and 2 as indicated, any
be obtained from approved on-site

2D-3

2. Sinkhole Repair Tamping Roller

3. Pond Base Rubber-Tired
Stabiliza tion Rollers

4. Cutoff Trench Tamping Roller

5. Embankment Tamping Roller

* * * * *'

Borrow Areas:
a. Obtain borrow from borrow areas,

additional borrow required shall
areas south of the pond.

b. Maximum depth of excavation shall be as indicated on the drawings or
to a depth approved by the Engineer.

c. Where borrow areas are adjacent to embankments side slopes shall be
the same as for the embankments.
Waste material from pond areas may be disposed of in borrow area No.
2 after borrow excavation is complete.

/';."nY eC 7/lA'C:';/ /"I?IJ./I? T/./c
1.'l'Y'/-"Il!U"' fYJ/'/'(iw 4;//lFtY;/,.4'-.-

;(:IA£Jt'J .//1;1/1 /e jJ);':;7!:', V Ive:J1r u r .1'/11: /l.f.>?' n'/};'J ,r 0 r.n'[.

(.C'Y/7 (J l!/~" ,(.r' l'iN,•.,--:

8.
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Operation Equipment
1. Inspection Trench Tamping Rollers

Repair
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Burns &MCDOnnell! Engineers-Archil~ls-Consullanls

•
POST OFFICE BOX 173
KANSAS CITY, MISSOURI 64141

TEL: 816-333.4375 TWX: 910-771-3059
4600 EAST 63rd STREET

April 10, 1975

Martin K. !!by Construction Coll1'any
P. O. Box 1679
Wichita, Kansas 67201

.. ~.

Atten tiOll: Mr. DlI1lPhelan

Re: City Utilities ot Springfield, ¥.1ssouri
Southwest Power Station
Con\':rac\':343 - Yard S\':ructltt811
Projec\': 71-040-1

Gentlemen:

Enclosed are two printa each of Sketches SK107 and SK108, 'indicating
chmges to the ash' pond <!aliiconstruction.... '

:\
. ,

Werequest two separate proposals for deledng the rip-rap .'Cross
the top of each <!alD.'and secondly, for deleting the rip-rap on the dCllmlltream
faCe of the east-vut d8lll.

The rip~rap acroas th. top of the north-south -dil:e'wuld lis replaced
with material as specified for 'embll1lkment- Section 21>1- the rip-rap aeross
the top of the eallt-west damand its dDvntitraamface wOuldbe replaced with
native fill material taken from etockplle or borrowareaa-.

" .~
'".,

Please reviw these changes and submit your propoea1s to us. Contact
me if you have any questions.

Very trulyyoltts, '."

."

D. L. Sheridan, P. E.
DLS/jj

'.

". {;

Enclosures
cc: Mr. M. T. Grahamv/printB

Mr. Oliver Davis w/prints
.. ,

2671 S.w. 27th AVENUE, MIAMI, FLORIDA 33133

TWO PENNSYLVANIA PLAZA. NEW YORK, NEW YORK 10001
7000 N. E. AIRPORT WAY, PORTLAND, OREGON 97218
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Attachment 4.  2013 Piezometer Study 





 
 

 
 
 
 
 
 
 
 
 
 

Attachment 5.  JTEC Seismic Study, Anderson Engineering, 2011 





















From: Dave Fraley
To: Englander, Jana
Cc: Hoffman, Stephen; Dufficy, Craig; Kelly, PatrickM; Mark Haden
Subject: RE: Draft report response John Twitty Energy Center
Date: Friday, December 13, 2013 12:04:40 PM

Jana,
 
Sorry, we should have clarified.  The slope stability analysis report was performed for the landfill located
a bit east of the ponds rather than on the ponds themselves.  We only included the seismic risk portion
figuring it would apply equally to both structures. 
 
Thanks!
Dave
 

From: Englander, Jana [Englander.Jana@epa.gov]
Sent: Friday, December 13, 2013 10:34 AM
To: Dave Fraley
Cc: Hoffman, Stephen; Dufficy, Craig; Kelly, PatrickM; Englander, Jana; Mark Haden
Subject: FW: Draft report response John Twitty Energy Center

Dave,

We are in receipt of your comments on the DRAFT report regarding the Coal Ash Site
Assessment at the John Twitty Energy Center.  We would be happy to set up a conference
call regarding your comments, once we have had a chance to properly review them.  From
a cursory look, is there a reason why attachment 5, slope stability analyses was not
provided as a complete report?
I will be back in touch with you sometime next week to schedule a conference call.

Regards,

Jana 

Jana Englander
Office of Resource Conservation and Recovery,
Materials Recovery Waste Management Division
Energy Recovery and Waste Disposal Branch
U.S. Environmental Protection Agency
703-308-8711

From: Dave Fraley <Dave.Fraley@cityutilities.net>
Sent: Thursday, December 12, 2013 4:55 PM
To: Englander, Jana
Cc: Mark Haden
Subject: RE: Draft report response John Twitty Energy Center

 
Ms. Englander,

mailto:Dave.Fraley@cityutilities.net
mailto:Englander.Jana@epa.gov
mailto:Hoffman.Stephen@epa.gov
mailto:Dufficy.Craig@epa.gov
mailto:Kelly.PatrickM@epa.gov
mailto:Mark.Haden@cityutilities.net


 
Please accept the attached comments.  As you will note, we would definitely appreciate a chance to
discuss the report with CDM again before finalizing.  Sorry for the delay, please advise if we can provide
any other info or assistance. 
 
Dave Fraley 

From: Englander, Jana [Englander.Jana@epa.gov]
Sent: Monday, December 09, 2013 9:14 AM
To: Dave Fraley
Subject: RE: Draft report response John Twitty Energy Center

Hi Dave,
 
Thanks for your message.  I look forward to receiving your comment package this week.
 
Regards,
 
Jana
 
Jana Englander
Office of Resource Conservation and Recovery,
Materials Recovery Waste Management Division
Energy Recovery and Waste Disposal Branch
U.S. Environmental Protection Agency
703-308-8711
 
From: Dave Fraley [mailto:Dave.Fraley@cityutilities.net] 
Sent: Friday, December 06, 2013 5:03 PM
To: Englander, Jana
Subject: Draft report response John Twitty Energy Center
 
Ms. Englander,
 
Sorry I missed your phone call yesterday and was unable to get back with you this afternoon.  Our
response is complete but for one attachment I am expecting from the power plant.  I will be out again
on Monday but will contact you Tuesday and hope to have the report ready to submit electronically by
then. 
 
Thanks!
Dave Fraley
417.831.8778
 

Are you connected? Follow us!     
 

Are you connected? Follow us!           

Are you connected? Follow us!           

http://twitter.com/cityutilities
http://www.facebook.com/cityutilities.net
http://www.youtube.com/cityutilities
http://twitter.com/cityutilities
http://www.facebook.com/cityutilities.net
http://www.youtube.com/cityutilities
http://twitter.com/cityutilities
http://www.facebook.com/cityutilities.net
http://www.youtube.com/cityutilities
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CAPACITY OF ASH PONDS TO CONTAIN DESIGN RAINFALL EVENT 

 

Purpose:  

 

Document that ash ponds have adequate capacity above the normal pool elevation to store a 100-year, 

24-hour rainfall event and maintain adequate freeboard. 

 

Assumptions 

 

• Total precipitation from a 100-year, 24-hour rainfall event is 8.18 inches. (Source: City of 

Springfield Drainage Design Manual) 

• Normal pool elevation of both east and west ponds is 1226 to 1227 feet (use 1227 feet) 

• Low point along top of embankment (both ponds) is 1235 feet 

• East pond storage volume (1227 to 1234 feet) is 46,564 cubic yards (2014 Anderson survey) 

• West pond storage volume (1227 to 1234 feet) is 60,631 cubic yards (2014 Anderson survey) 

• Drainage area for east pond is 30.4 acres 

• Drainage area for west pond is 36.6 acres 

 

Calculate total rainfall volume from design storm event  in E. and W. pond drainage areas 

 

East Pond:   [30.4 acres] [43,560 sq. ft/acre] [8.18 in.] [1 ft/12 in.] [cubic yard/27 cubic ft.]  =  33,432 yd3 

 

West pond:  [36.6 ac.] [43,560 sq. ft./ac.] [8.18 in.] [1 ft./12 in.] [cubic yard/27 cubic ft.] =   40,251 yd3 

 

Conclusion 

 

Both the east and west ponds will contain a 100-year, 24-hour rainfall event and maintain a freeboard 

greater than one foot.   This is a very conservative estimate in that it: 

 

1.  Assumes that the total rainfall produced in the drainage areas actually drains to the pond (i.e no 

infiltration). 

2. Does not account for the additional routing capacity of the two 12” diameter corrugated 

spillway overflow pipes which have a discharge capacity of 2 to 3 cfs each.    

3. Does not account for the maximum routing capacity of the ponds outlet structure which is 

capable of discharging approximately 6.5 million gallons per day (mgd) and which could be 

utilized in the event of major storm event.  For reference the average pond discharge is 0.2 mgd. 



LANDFILL MONITORING WELLS

CITY UTILITIES JTEC PROPERTY

BOUNDARY(TOTAL ACRES: 980±)

CONTOURS ARE LIDAR DATA,

GREENE COUNTY, FEB 2011 AND

ARE ON 5-FT INTERVALS

AERIAL PHOTOGRAPH TAKEN

FEBRUARY 2012

LEGEND:

N

SCALE IN FEET

500' 1000'0













 

 

GEOTECHNICAL & MATERIALS ENGINEERS 
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ENVIRONMENTAL SERVICES 
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Ph: (918) 872-9898 

3500 East 13th Street 
Joplin, MO 64801 

Ph: (417) 624-2005 

 
January 22, 2014 

 
Mr. Ted C. Salveter, P.E. 
Environmental Affairs 
City Utilities 
P.O. Box 551 
Springfield, Missouri 65801-0551 
 

Email: Ted.Salveter@cityutilities.net 
 
 
RE: Preliminary Opinion and Proposed Scope of Services 
 Coal Combustion Waste Impoundments  

City Utilities of Springfield – John Twitty Energy Center 
 Springfield, Missouri 
 PPI Project Number: 219892 
 
 
Dear Mr. Salveter: 
 
Palmerton & Parrish, Inc. (PPI) has been retained by the City Utilities of Springfield (CU) to 
assist CU with a response to the Draft Report issued by CDM Smith regarding the structural 
stability and hydrologic / hydraulic safety of the coal combustion waste impoundments at CU’s 
John Twitty Energy Center (JTEC) in Springfield, Missouri.   
 
This letter presents: 
1. PPI’s Preliminary Opinion regarding the structural stability and hydrologic / hydraulic safety 

of the coal combustion waste impoundments; 
2. An Itemized Scope of Services intended to address the questions raised in CDM Smith’s 

Draft Report; and 
3. An anticipated Timeline for Completion of the Scope of Services. 
 
PROJECT BACKGROUND INFORMATION 
 
CDM Smith was one of several Engineering Consultants (Contractors) retained by the United 
States Environmental Protection Agency (EPA) to perform Site Structural Assessments of the 
structural stability and hydrologic / hydraulic safety of selected coal combustion waste (CCW) 
impoundments located across the United States.  CDM Smith visited CU’s John Twitty Energy 
Center (JTEC) on August 27 and 28, 2012, and completed a site reconnaissance and interviews 
with CU Staff.  CDM Smith issued a Draft Report in July 2013.   
 
CDM Smith’s Draft Report is entitled “Assessment of Dam Safety of Coal Combustion Surface 
Impoundments – Draft Report; City Utilities of Springfield; John Twitty Energy Center; 
Springfield, Missouri”.  The Report is referred to as the “CDM Smith Draft Report” throughout 
this letter.  The CDM Smith Draft Report discusses two (2) CCW Impoundments at JTEC, 
identified as the West CCW Impoundment and the East CCW Impoundment.   
 
Discussion throughout the CDM Smith Draft Report gives the impression that the structural 
stability, hydrologic / hydraulic safety, and operating procedures of the CCW Impoundments are 
generally adequate.  The list below summarizes statements of that nature that are included in 
the CDM Smith Draft Report.   
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1. The CCW Impoundments have a “Low” Hazard Rating, based upon their total height, 
storage capacity, and the extent of downstream development. 

2. The CCW Impoundment embankments were observed to be in overall good condition at the 
time of CDM Smith’s Site Visit. 

3. The CCW Impoundments appear to have adequate capacity with regard to hydrologic / 
hydraulic safety. 

4. CU’s Operating and Maintenance Procedures appear to be generally adequate. 
 
However, the CDM Smith Draft Report ultimately rates the CCW Impoundments as POOR due 
to a lack of specific documentation of the structural stability, hydrologic and hydraulic safety, 
and operating and maintenance procedures.  The CDM Smith Draft Report outlines the need for 
documentation of several Studies, Operating and Maintenance Procedures, and Surveillance 
and Monitoring Plans before they will change the POOR rating. 

 
ENGINEER’S SITE VISIT 
 
An engineer from PPI’s staff, Ms. Rachel Goeke, P.E., visited the JTEC CCW Impoundment 
Site with Mr. Ted Salveter, P.E., CU Environmental Affairs, on Monday, January 13, 2014.  Mr. 
Salveter and Ms. Goeke walked and/or drove around the perimeter of the CCW Impoundments.  
Mr. Salveter described the typical operating procedures of the Impoundments.  A survey crew 
from Anderson Engineering, Inc. (AE) was on-site at the same time, completing a current 
topographic survey of the CCW Impoundments and surrounding areas. 

 
DOCUMENTS PROVIDED TO PPI BY CU 
 
CU provided the documents listed below to PPI via email during the period from January 13, 
2014 through January 16, 2014.  It is anticipated that CU will be able to provide additional 
documents to support completion of PPI’s Scope of Services upon request. 
 
• CDM Smith; July 1, 2013; “Assessment of Dam Safety of Coal Combustion Surface 

Impoundments – Draft Report; City Utilities of Springfield; John Twitty Energy Center; 
Springfield, Missouri”, prepared for the United States Environmental Protection Agency 

• Burns & McDonnell Engineering Company, Inc.; July 10, 1974; “Sheet Y49, Rev. 2; Contract 
No. 343: Yard Structures; Ash Pond Grading Details” 

• Burns & McDonnell Engineering Company, Inc.; July 10, 1974; “Sheet Y45, Rev. 4, Contract 
No. 343: Yard Structures; Area V Grading and Drainage Plan” 

• Burns & McDonnell Engineering Company, Inc.; Excerpt from the Project Specifications: 
Contract No. 343: Division 2: Site Work 

• Burns & McDonnell Engineering Company, Inc.; April 10, 1975; Letter Correspondence to 
Martin K. Eby Construction Company, Revised Design Cross Sections 

• Anderson Engineering, Inc.; December 15, 2005, “City Utilities of Springfield, Ash Pond 
Topographic Survey, Southwest Power Station, Springfield, Missouri” 

• Anderson Engineering, Inc.; December 9, 2011, Excerpts from “AEWO#70045-11: Ash 
Landfill Slope Stability and Engineering Analyses; John Twitty Energy Center, Springfield, 
MO” 

• Anderson Engineering, Inc.; January 15, 2014; “City Utilities of Springfield, East and West 
Ash Pond Topographic Survey, JTEC, Springfield, Missouri” 
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OVERVIEW OF CCW IMPOUNDMENTS 
 
The CCW Impoundments were originally constructed in 1976.  The Impoundments are identified 
as the West CCW Impoundment (approximately 3.89 acres) and the East CCW Impoundment 
(approximately 3.36 acres).  Based upon information provided on the original Design Drawings 
and Supplemental Cross Sections prepared by Burns & McDonnell Engineering Company, Inc., 
the Impoundment embankments were originally constructed with controlled earth fill and 2 
Horizontal to 1 Vertical (2H:1V) side slopes.  A cutoff trench was constructed out of select fill 
material beneath the center of the embankments. 
 
The exterior levees and water handling system remain basically unchanged from original 
construction.  CU has added an interior dike in the approximate north-south center of both 
Impoundments.  The dike allows for additional sedimentation and filtering before water reaches 
the downstream portion of the channel. 
 
Flow through the Impoundments generally trends North to South.  Bottom ash is transported to 
the Impoundments in slurry form via pipeline.  Prior to reaching the Impoundments, the bottom 
ash slurry passes through a series of three (3) tiered concrete detention basins.  A large portion 
of the bottom ash settles out, and is periodically dredged and stockpiled prior to eventual 
disposal at the JTEC Landfill. 
 
The bottom ash slurry that reaches the Impoundments is retained in the northern portion of the 
Impoundment, north of the interior dikes added by CU.  Additional bottom ash settles out in the 
northern portion of the Impoundments.  CU periodically schedules maintenance of the 
Impoundments to remove the accumulated bottom ash, and reworks the clay bottom liner as 
necessary to maintain an approximate 2-foot thickness of well-compacted clay. 
 
In addition to the bottom ash slurry, the Impoundments receive water from the cooling tower 
blowdown, boiler blowdown, Plant drain water, and storm water from the ponds’ approximately 
67 acre drainage area around the Plant.  The East and West CCW Impoundments share a 
common Recycle Pump House and Outlet Structure located near the southern end of the 
interior embankment that divides the Impoundments.  A large portion of the water that enters the 
Impoundments is recirculated back to the Power Plant for reuse as bottom ash sluice water.  
Water that is discharged downstream exits the Outlet Structure via a 24-inch diameter 
corrugated metal outlet pipe to a weir south of the Impoundments.  The discharged water is 
tested and routed to eventual discharge under CU’s NPDES Operating Permit MO-0089940. 
 
Each Impoundment has a high water outlet pipe near the top of the embankment, consisting of 
a 12-inch diameter corrugated metal pipe.  The pipe invert elevations on the upstream, interior 
embankment slope are 1232.1 feet and 1232.4 feet for the West and East CCW Impoundments, 
respectively.  Based upon information provided by CU, the water elevation in the Impoundments 
has never approached the high water outlet pipe invert elevation, and the pipes have never 
been utilized. 
 
During normal operations, only one (1) of the CCW Impoundments is in service at any given 
time.  The normal operating water elevation is maintained near the top elevation of the interior 
dikes, at approximate elevation 1227 feet.  Only the West CCW Impoundment was in service on 
January 13, 2014 during PPI’s Site Visit and completion of Anderson Engineering’s topographic 
survey.  The water elevation in the northern portion of the West CCW Impoundment was 
approximately 1227.3 feet, while the water elevation in the southern portion was a couple feet 
below normal pool elevation at approximate elevation 1223.7 feet.   
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The maximum embankment cross section occurs on the south side of the Impoundments.  At its 
approximate lowest point, the top elevation of the embankment is 1235.3 feet.  The 
embankment crest width is a minimum of approximately 10 feet, and more typically on the order 
of 12 to 15 feet.  The maximum cross section height is approximately 31 feet, with a 
corresponding toe of slope elevation of 1204 feet. 

 
PPI PRELIMINARY OPINION 
 
On a preliminary basis only, PPI’s initial opinion is that the CCW Impoundment embankments at 
JTEC will most likely meet the required minimum Factors of Safety for Slope Stability, and that 
the existing hydrologic / hydraulic system is most likely sufficient.   
 
Completion of detailed slope stability and hydrologic / hydraulic studies is planned to address 
the lack of documentation cited in the CDM Smith Draft Report.  Anticipated studies are 
discussed in greater detail in a later section of this letter.   
 
Preliminary Slope Stability Analysis:  For the purposes of this letter, PPI completed 
preliminary slope stability analysis on the approximate maximum cross section, which occurs on 
the south side of the East CCW Impoundment.  PPI utilized the topographic survey data 
collected by Anderson Engineering during the week of January 13, 2014 to determine the cross 
section geometry.  Assumptions regarding the approximate bottom elevation of the East CCW 
Impoundment were made using data from the original Design Drawings.   
 
Soil stratigraphy was assumed based upon information shown on the original Design Drawings, 
and data provided on boring logs from the nearby JTEC Landfill Site.  For the purposes of this 
preliminary analysis, only maximum pool, steady state seepage conditions were analyzed.  The 
water level on the embankment interior was assumed at elevation 1232.4 feet.  Soil strength 
parameters were assumed using effective stress conditions. 
 
Slope stability analysis was performed using the computer program SlopeW, part of the 
GeoStudio 2012 software package.  Spencer’s method was selected as the finite difference 
analysis method, since it achieves both moment and force equilibrium.  The grid and radius 
method was utilized to search for the critical slope failure surface. 
 
The required minimum Factor of Safety for steady state seepage conditions required by various 
United States Army Corps of Engineers, Federal Emergency Management Association, and 
Missouri Department of Natural Resources guidelines is 1.5.  PPI completed five (5) different 
preliminary slope stability analysis runs, assuming different combinations of soil strength 
parameters and groundwater conditions.  Computed Factors of Safety ranged from 1.05 (worst 
case combination of low shear strength parameters and a shallow piezometric surface through 
the embankment) to 1.89 (moderately high to high shear strength parameters and a normal 
groundwater gradient through the embankment).  Copies of the slope stability analysis output 
are included with this letter as Attachment A. 
 
In PPI’s opinion, the final computed Factor of Safety for the maximum cross section, during 
maximum pool, steady state seepage conditions, will most likely be on the order of 1.5 to 1.9.  
Assuming that field studies confirm and/or exceed the shear strength parameters and 
groundwater conditions that were assumed in the “passing cases” of the preliminary analysis, 
PPI anticipates that the final slope stability analysis will show that the existing CCW 
Impoundment embankments meet or exceed the required Factors of Safety for global slope 
stability. 
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SCOPE OF SERVICES 
 
PPI proposes completion of the Task Items outlined below in order to meet the questions raised 
in the CDM Smith Draft Report regarding slope stability and hydrologic / hydraulic analysis.  It is 
anticipated that PPI will complete the Task Items related to the Subsurface Investigation, Slope 
Stability Analysis, and Piezometer Installation.  PPI is available to assist CU with completion of 
the hydrologic / hydraulic analysis, or that work may be completed by CU or Others.   
 
Task Items Related to Slope Stability Analysis: 

1. PPI will review existing data provided by CU. 

2. A field subsurface investigation will be performed to investigate the nature of the existing 
embankment and underlying residual soils.  PPI anticipates drilling a minimum of four (4) 
subsurface borings in two (2) sets of two (2) borings (one at the slope crest and one at the 
slope toe), in order to develop two (2) geologic cross sections.  The two (2) cross sections 
will be sited at the approximate maximum cross sections through the East and West CCW 
Impoundment embankments, respectively. 

3. Soil sampling during completion of the field subsurface investigation will include collection of 
relatively undisturbed thin-walled Shelby tube samples in general accordance with ASTM D 
1587, disturbed split spoon samples collected during performance of the Standard 
Penetration Test in general accordance with ASTM D 1586.   

4. Shelby tube samples will be extruded in PPI’s laboratory.  Selected samples will be tested 
for shear strength parameters via completion of drained direct shear testing, consolidated 
undrained triaxial testing, and unconfined compressive strength testing.  Classification 
testing will also be performed and may include determination of in situ moisture contents, 
Atterberg Limits, and grain size analysis.   

5. PPI plans to install temporary piezometers in all four (4) borings, and monitor them daily for 
a minimum of two (2) days.  PPI does not anticipate the presence of a shallow piezometric 
surface through the embankments, based upon the past operational performance of the 
Impoundments, and the fact that seepage has not been observed through the 
embankments.   

Provided that the piezometers confirm that there is not a shallow piezometric surface 
through the CCW Impoundment embankments, the piezometers will be drilled out and 
closed by grouting full depth via tremie after a minimum of two (2) days of monitoring.   

6. Geologic cross sections will be developed using data from the field and laboratory 
investigation, and groundwater level readings obtained from the temporary piezometers. 

7. Slope stability analysis will be performed on all required loading cases.  In accordance with 
the regulatory guidelines, PPI anticipates analyzing the following cases: 

(1) Steady state seepage, normal pool (effective stress conditions), downstream slope;  

(2) Steady state seepage, maximum pool (effective stress conditions), downstream 
slope;  

(3) Steady state seepage, normal pool, earthquake loading (total stress conditions), 
downstream slope; and 

(4) Rapid drawdown (total stress conditions), upstream slope.   

The slope stability analysis will be accompanied by a discussion of assumptions made, and 
the relative applicability of each loading case.   
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8. Results of the studies will be summarized in a Formal Geotechnical Engineering Report, 
including recommendations for modification if required. 

Task Items Related to Hydrologic / Hydraulic Analysis: 

1. Existing data will be reviewed, including information about typical operating procedures, 
water elevations, and past performance of the CCW Impoundments. 

2. CU’s operating procedures will be researched and documented in order to gain a good 
understanding of how CU’s operating procedures affect “normal” pool elevations.   

3. The available “free board” of the CCW Impoundment System for normal pool conditions will 
be computed.   

4. The ability of the CCW Impoundments to contain and/or pass the 24-hour, 100-year storm 
event will be evaluated. 

5. Results of the hydrologic / hydraulic analysis will be summarized in a Formal Engineering 
Report, including recommendations for modification if required. 

 
TIMELINE FOR COMPLETION 
 
PPI anticipates that the Slope Stability and Hydrologic / Hydraulic Studies outlined in this letter 
can be completed within approximately 6 weeks from the time field drilling commences.  A 
breakdown of PPI’s anticipated schedule is summarized in the table below.  PPI’s anticipated 
schedule is subject to weather conditions, encountered subsurface conditions, and other factors 
beyond our control that could impact the overall scope and schedule for the Project.   
 
 

Task Item Anticipated Time for Completion 
Field Subsurface Investigation 
Groundwater Level Monitoring 
Temporary Piezometer Closure 

3 Days 
2 Days 
1 Day 

Laboratory Testing Program 15 Days 
Slope Stability Analysis 3 Days 
Hydrologic / Hydraulic Analysis 3 Days 
Draft Report Preparation 3 Days 
Incorporation of Review Comments 2 Days 
Final Report Preparation 2 Days 

Total Project Timeline: 
30 Work Days, 

Approximately 6 weeks from commencement of field drilling. 
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CLOSURE 
 

PPI appreciates the opportunity to work with CU on this Project.  Please don’t hesitate to 
contact our Springfield office at (417) 864-6000 if you have any questions regarding this letter.  
 
PALMERTON & PARRISH, INC. 
 By: 
 
 
 
 
 
 
______________________________ 
Rachel J. Goeke, P.E. 
Geotechnical Engineer 
 
 
Attachment: Attachment A: Slope Stability Analysis Results 
 
Submitted: 1 Electronic (.pdf) Copy via Email (ted.salveter@cityutilities.net) 
 
BRP:RJG/rjg 



 
 

PPI Project Number: 219892 

 
ATTACHMENT A 

 
PRELIMINARY SLOPE STABILITY ANALYSIS RESULTS 



Name: (1) Earth Fill      Unit Weight: 110 pcf     Cohesion': 100 psf     Phi': 27 °     
Name: (2) Residual Soil      Unit Weight: 105 pcf     Cohesion': 100 psf     Phi': 29 °     
Name: (3) Limestone      Unit Weight: 140 pcf     Cohesion': 5,000 psf     Phi': 45 °     

Project: Site Structural Assessment of CCW Impoundments 
               City Utilities John Twitty Energy Center
               Springfield, Missouri
Project Number: 219892
Analysis Case: Max. Pool, Steady State, Eff. Stress
                            Typ GW, High Shear Strength
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Name: (1) Earth Fill      Unit Weight: 110 pcf     Cohesion': 50 psf     Phi': 27 °     
Name: (2) Residual Soil      Unit Weight: 105 pcf     Cohesion': 50 psf     Phi': 28 °     
Name: (3) Limestone      Unit Weight: 140 pcf     Cohesion': 5,000 psf     Phi': 45 °     

Project: Site Structural Assessment of CCW Impoundments 
               City Utilities John Twitty Energy Center
               Springfield, Missouri
Project Number: 219892
Analysis Case: Max. Pool, Steady State, Eff. Stress
                            Typ GW, Mod Shear Strength
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Name: (1) Earth Fill      Unit Weight: 110 pcf     Cohesion': 50 psf     Phi': 23 °     
Name: (2) Residual Soil      Unit Weight: 105 pcf     Cohesion': 50 psf     Phi': 24 °     
Name: (3) Limestone      Unit Weight: 140 pcf     Cohesion': 5,000 psf     Phi': 45 °     

Project: Site Structural Assessment of CCW Impoundments 
               City Utilities John Twitty Energy Center
               Springfield, Missouri
Project Number: 219892
Analysis Case: Max. Pool, Steady State, Eff. Stress
                            Typ GW, Low Shear Strength
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Name: (1) Earth Fill      Unit Weight: 110 pcf     Cohesion': 50 psf     Phi': 27 °     
Name: (2) Residual Soil      Unit Weight: 105 pcf     Cohesion': 50 psf     Phi': 28 °     
Name: (3) Limestone      Unit Weight: 140 pcf     Cohesion': 5,000 psf     Phi': 45 °     

Project: Site Structural Assessment of CCW Impoundments 
               City Utilities John Twitty Energy Center
               Springfield, Missouri
Project Number: 219892
Analysis Case: Max. Pool, Steady State, Eff. Stress
                            High GW, Mod Shear Strength

FS = 1.23
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Name: (1) Earth Fill      Unit Weight: 110 pcf     Cohesion': 50 psf     Phi': 23 °     
Name: (2) Residual Soil      Unit Weight: 105 pcf     Cohesion': 50 psf     Phi': 24 °     
Name: (3) Limestone      Unit Weight: 140 pcf     Cohesion': 5,000 psf     Phi': 45 °     

Project: Site Structural Assessment of CCW Impoundments 
               City Utilities John Twitty Energy Center
               Springfield, Missouri
Project Number: 219892
Analysis Case: Max. Pool, Steady State, Eff. Stress
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Clarification on JTEC ash pond overflow modifications, 1985 

 

In 1985 the Missouri Department of Natural Resources performed an inspection of the JTEC (then 
Southwest Power Station, SWPS) ash ponds and concluded that they required modification of the 
overflow system.  As originally designed, each pond was constructed with an overflow pipe directed to a 
riprap spillway channel. The state agency was concerned that any overflow through such a structure 
would not be captured in the permitted discharge stream of Outfall 002.     

To remedy this, the SWPS Plant Engineer designed an overflow modification that replaced the open 
channel spillways with closed piping to divert overflow to the common discharge weir at the base of the 
ash pond embankment.  At this point it could be measured and sampled with the ordinary underflow 
discharge stream.  To reduce piping costs and introduce slope to the new structure, the original overflow 
inlets were abandoned in favor of new inlets located closer to the centerline separating the two ponds.  
These changes are shown in plan view on the accompanying drawing entitled “Modification Details.”  

In addition, Mr. Wehrly performed calculations to ensure that the modified overflow structure would 
perform as adequately as the original design.  These hand calculations are included in two separate files as 
“Modification Study.”  It should be noted that the hydraulic calculations in that study are overly 
conservative compared to current conditions.  In this original study it appears that the slope of the new 
discharge lines, a limiting hydraulic factor, assumed that the inlet structures would remain in their original 
spread locations.  Moving them laterally toward the discharge point increased the respective slopes 
dramatically.  In addition, rainfall runoff tributary to the ash pond was calculated assuming a contribution 
from the coal pile storage area to the west.  Several years after these modifications, the plant modified its 
discharge permit by diverting all coal pile runoff away from Outfall 002 and directing it to dedicated 
storm water Outfall 001. 















































 
 

 

 

 

 

 

GEOTECHNICAL ENGINEERING REPORT 

SITE STRUCTURAL ASSESSMENT 

COAL COMBUSTION WASTE IMPOUNDMENTS 

CITY UTILITIES OF SPRINGFIELD 

JOHN TWITTY ENERGY CENTER 

SPRINGFIELD, MISSOURI 

 

 

 
 

Prepared for: 
 

CITY UTLILITIES OF SPRINGFIELD 
P.O. Box 551 

Springfield, Missouri 65801-0551 
 
 

Prepared by: 
  

 
 
 • Geotechnical Services 

 • Environmental Services 

 • Material Testing Services  

 

 

 

Springfield, MO 
4168 W. Kearney Springfield, MO 65803 

Call 417.864.6000 Fax 417.864.6004 
www.ppimo.com 

 
 

PROJECT NUMBER: 219892 

 
 

March 17, 2014





 

i 

 
TABLE OF CONTENTS 

EXECUTIVE SUMMARY ................................................................................................. 1 
1.0 INTRODUCTION .................................................................................................. 2 
2.0 SCOPE OF SERVICES ........................................................................................ 3 

3.0 PROJECT & SITE DESCRIPTION ....................................................................... 3 
4.0 PROJECT BACKGROUND INFORMATION ........................................................ 4 
5.0 SITE HISTORY ..................................................................................................... 5 
6.0 ENGINEER’S SITE VISIT ..................................................................................... 7 
7.0 DOCUMENTS REVIEWED BY PPI ...................................................................... 7 

8.0 SUBSURFACE INVESTIGATION ........................................................................ 8 
8.1 Subsurface Borings ......................................................................................... 8 
8.2 Laboratory Testing .......................................................................................... 9 

9.0 SITE GEOLOGY ................................................................................................. 11 
10.0 GENERAL SITE & SUBSURFACE CONDITIONS ............................................. 11 

10.1 Generalized Subsurface Conditions .............................................................. 12 

10.2 Auger Refusal ............................................................................................... 13 
11.0 GROUNDWATER ............................................................................................... 13 

11.1 Generalized Groundwater Conditions ........................................................... 14 
12.0 SLOPE STABILITY ANALYSIS .......................................................................... 14 
13.0 LIQUEFACTION ANALYSIS............................................................................... 18 

13.1 Liquefaction Reference Documents .............................................................. 18 
14.0 CONCLUSIONS & RECOMMENDATIONS ........................................................ 19 

15.0 REPORT LIMITATIONS ..................................................................................... 19 

 

FIGURES 

FIGURE 1  – BORING LOCATION PLAN 

 

APPENDICES 

APPENDIX I  – BORING LOGS 

APPENDIX II  – GENERAL NOTES 

APPENDIX III  – LABORATORY TEST RESULTS 

APPENDIX IV  – EARTHQUAKE PSHA OUTPUT 

APPENDIX V  – SLOPE STABILITY ANALYSIS RESULTS 

APPENDIX VI  – DIRECT SHEAR RESULTS 

  



 

 

EXECUTIVE SUMMARY 

A Geotechnical Investigation was performed at the John Twitty Energy Center located 

at 5100 West Farm Road 164, Springfield, Missouri 65801. The investigation was 

performed to investigate the nature of the existing embankment and underlying residual 

soils. 

Palmerton & Parrish (PPI) drilled, a total of four (4) geotechnical borings were drilled in 

two (2) sets of two (2) borings (one at the slope crest and one at the slope toe), in order 

to develop two (2) geologic cross sections.  Borings were discontinued at auger refusal 

in limestone bedrock at depths ranging from 9.7 to 47.3 feet below the existing ground 

surface.  Temporary piezometers were installed in all four (4) borings, and water levels 

were recorded during two (2) separate measuring events. 

A slope stability analysis was performed on the downstream slopes using data from the 

field and laboratory investigation, as well as groundwater level readings from the 

temporary piezometers.  The slope stability analysis considered the following cases: 

 Steady state seepage, maximum pool (effective stress conditions); and 

 Steady state seepage, maximum pool, earthquake loading (total stress conditions). 

Factors of safety determined from the slope stability analysis were compared to safety 

factors considered to be adequate in guidelines published by various government 

agencies.  Based upon this comparison and the information developed from the field 

and laboratory studies as well as literature research, the Factors of Safety obtained are 

considered satisfactory for the Coal Combustion Waste (CCW) impoundment slope. 

Analyses Summary 

Condition 
Required 

Factor of Safety 

Computed  

Factor of Safety 

Steady State Seepage Under 
Maximum Pool (Deep Failure) 

1.5 1.89 

Steady State Seepage Under 
Maximum Pool (Shallow Failure) 

1.5 1.58 

Steady State Seepage Under 
Maximum Pool with Seismic Event 

1.1 1.39 

   

 



 

 

EXECUTIVE SUMMARY CONTINUED 

Important geotechnical considerations for the project are summarized below. However, 

users of the information contained in the report must review the entire report for specific 

details pertinent to geotechnical design considerations. 
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GEOTECHNICAL ENGINEERING REPORT 

JTEC SITE STRUCTURAL ASSESSMENT 

COAL COMBUSTION WASTE IMPOUNDMENTS 

SPRINGFIELD, MISSOURI  

1.0 INTRODUCTION 

This is the Report of the Geotechnical Investigation and subsequent slope stability 

analysis performed at the John Twitty Energy Center located at 5100 West Farm Road 

164 in Springfield, Missouri.  This investigation was conducted in accordance with a 

letter proposal dated January 21, 2014 and approved by Mr. Ted C. Salveter, P.E. 

representing City Utilities of Springfield.  The work was performed under a Blanket 

Contract for Services between Palmerton & Parrish, Inc. and the City Utilities of 

Springfield. The purpose of this Geotechnical Investigation is to analyze the stability of 

waste impoundment slopes containing coal combustion waste (CCW). The approximate 

site location is shown in the aerial photograph below. 
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2.0 SCOPE OF SERVICES 

Specific tasks completed by PPI include the following: 

 Review of site documents provided by CU; 

 Completion of a Subsurface Investigation program to investigate the condition of 

the coal ash impoundment levees.  The Subsurface Investigation included 

completion of subsurface borings, collection of soil samples, installation of 

groundwater level piezometers, and completion of laboratory testing; 

 Field reconnaissance by an Engineer from our staff to document the condition of 

the existing impoundment levees; 

 Laboratory soil testing to determine soil classifications and soil strength 

parameters; 

 Literature research to assist selection of soil strength parameters; 

 Slope stability analysis of existing CCW impoundment levee slopes, including 

seismic analysis; and 

 Evaluation of the liquefaction potential of the levee embankment soils, and 

underlying natural soils. 

3.0 PROJECT & SITE DESCRIPTION 

The John Twitty Energy Center is a coal fired power plant initially constructed in the 

early 1970s with a major upgrade to generating capacity in recent years.  The major 

electrical generating facility is heavily developed with building foundations, two (2) 

emission stacks, cooling towers, overhead power lines, buried utilities and combustion 

coal waste impoundments. The earth embankments forming these CCW impoundments 

are the focus of this study.  The impoundments have a maximum height on the order of 

31 feet. Background information and history of these embankments is described in more 

detail in Sections 4.0 and 5.0 of this report. 
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4.0 PROJECT BACKGROUND INFORMATION 

CDM Smith was one of several Engineering Consultants (Contractors) retained by the 

United States Environmental Protection Agency (EPA) to perform Site Structural 

Assessments of the structural stability and hydrologic / hydraulic safety of selected coal 

combustion waste (CCW) impoundments located across the United States.  CDM Smith 

visited CU’s John Twitty Energy Center (JTEC) on August 27 and 28, 2012, and 

completed a site reconnaissance and interviews with CU Staff.  CDM Smith issued a 

Draft Report in July 2013.   

CDM Smith’s Draft Report is entitled “Assessment of Dam Safety of Coal Combustion 

Surface Impoundments – Draft Report; City Utilities of Springfield; John Twitty Energy 

Center; Springfield, Missouri”.  The Report is referred to as the “CDM Smith Draft 

Report” throughout this letter.  The CDM Smith Draft Report discusses the two (2) CCW 

Impoundments at JTEC, identified as the West CCW Impoundment and the East CCW 

Impoundment.   

Discussion throughout the CDM Smith Draft Report gives the impression that the 

structural stability, hydrologic / hydraulic safety, and operating procedures of the CCW 

Impoundments are generally adequate.  The list below summarizes statements of that 

nature that are included in the CDM Smith Draft Report.   

1. The CCW Impoundments have a “Low” Hazard Rating, based upon their total height, 

storage capacity, and the extent of downstream development. 

2. The CCW Impoundment embankments were observed to be in overall good 

condition at the time of CDM Smith’s Site Visit. 

3. The CCW Impoundments appear to have adequate capacity with regard to 

hydrologic / hydraulic safety. 

4. CU’s Operating and Maintenance Procedures appear to be generally adequate. 

However, the CDM Smith Draft Report ultimately rates the CCW Impoundments as 

POOR due to a lack of specific documentation of the structural stability, hydrologic and 

hydraulic safety, and operating and maintenance procedures.  The CDM Smith Draft 
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Report outlines the need for documentation of several Studies, Operating and 

Maintenance Procedures, and Surveillance and Monitoring Plans before they will 

change the POOR rating. 

5.0 SITE HISTORY 

The CCW Impoundments were originally constructed in 1976.  The Impoundments are 

identified as the West CCW Impoundment (approximately 3.89 acres) and the East 

CCW Impoundment (approximately 3.36 acres).  Based upon information provided on 

the original Design Drawings and Supplemental Cross Sections prepared by Burns & 

McDonnell Engineering Company, Inc., the Impoundment embankments were originally 

constructed with controlled earth fill and 2 Horizontal to 1 Vertical (2H:1V) side slopes.  

A cutoff trench was constructed out of select fill material beneath the center of the 

embankments. 

The exterior levees and water handling system remain basically unchanged from 

original construction.  CU has added an interior dike in the approximate north-south 

center of both Impoundments.  The dike allows for additional sedimentation and filtering 

before water reaches the downstream portion of the channel. 

Flow through the Impoundments generally trends north to south.  Bottom ash is 

transported to the Impoundments in slurry form via pipeline.  Prior to reaching the 

Impoundments, the bottom ash slurry passes through a series of three (3) tiered 

concrete detention basins. A large portion of the bottom ash settles out, and is 

periodically dredged and stockpiled prior to eventual disposal at the JTEC Landfill. 

The bottom ash slurry that reaches the Impoundments is retained in the northern portion 

of the Impoundment, north of the interior dikes added by CU.  Additional bottom ash 

settles out in the northern portion of the Impoundments.  CU periodically schedules 

maintenance of the Impoundments to remove the accumulated bottom ash, and reworks 

the clay bottom liner as necessary to maintain an approximate 2-foot thickness of well-

compacted clay. 
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In addition to the bottom ash slurry, the Impoundments receive water from the cooling 

tower blowdown, boiler blowdown, Plant drain water, and storm water from the ponds’ 

approximately 67 acre drainage area around the Plant.  The East and West CCW 

Impoundments share a common Recycle Pump House and Outlet Structure located 

near the southern end of the interior embankment that divides the Impoundments.  A 

large portion of the water that enters the Impoundments is recirculated back to the 

Power Plant for reuse as bottom ash sluice water.  Water that is discharged 

downstream exits the Outlet Structure via a 24-inch diameter corrugated metal outlet 

pipe to a weir south of the Impoundments.  The discharged water is tested and routed to 

eventual discharge under CU’s NPDES Operating Permit MO-0089940. 

Each impoundment has a high water outlet pipe near the top of the embankment, 

consisting of a 12-inch diameter corrugated metal pipe.  The pipe invert elevations on 

the upstream, interior embankment slope are 1232.1 feet and 1232.4 feet for the West 

and East CCW Impoundments, respectively.  Based upon information provided by CU, 

the water elevation in the Impoundments has never approached the high water outlet 

pipe invert elevation, and the pipes have never been utilized. 

During normal operations, only one (1) of the CCW Impoundments is in service at any 

given time.  The normal operating water elevation is maintained near the top elevation 

of the interior dikes, at approximate elevation 1227 feet.  Only the West CCW 

Impoundment was in service on January 13, 2014 during PPI’s Site Visit and completion 

of Anderson Engineering’s topographic survey.  The water elevation in the northern 

portion of the West CCW Impoundment was approximately 1227.3 feet, while the water 

elevation in the southern portion was a couple feet below normal pool elevation at 

approximate elevation 1223.7 feet.   

The maximum embankment cross section occurs on the south side of the 

Impoundments.  At its approximate lowest point, the top elevation of the embankment is 

1235.3 feet.  The embankment crest width is a minimum of approximately 10 feet, and 

more typically on the order of 12 to 15 feet.  The maximum cross section height is 

approximately 31 feet, with a corresponding toe of slope elevation of 1204 feet. 



Geotechnical Engineering Report 
City Utilities of Springfield – John Twitty Energy Center – Site Structural Assessment  
Coal Combustion Impoundments – Springfield, Missouri 

 

March 17, 2014   Page 7 
PPI Project No. 219892 

6.0 ENGINEER’S SITE VISIT 

An engineer from PPI’s staff, Ms. Rachel Goeke, P.E., visited the JTEC CCW 

Impoundment Site with Mr. Ted Salveter, P.E., CU Environmental Affairs, on Monday, 

January 13, 2014.  Mr. Salveter and Ms. Goeke walked and/or drove around the 

perimeter of the CCW Impoundments.  Mr. Salveter described the typical operating 

procedures of the Impoundments.  A survey crew from Anderson Engineering, Inc. (AE) 

was on-site at the same time, completing a current topographic survey of the CCW 

Impoundments and surrounding areas. 

7.0 DOCUMENTS REVIEWED BY PPI  

CU provided the documents listed below to PPI via email during the period from 

January 13, 2014 through January 16, 2014.   

 CDM Smith; July 1, 2013; “Assessment of Dam Safety of Coal Combustion Surface 

Impoundments – Draft Report; City Utilities of Springfield; John Twitty Energy 

Center; Springfield, Missouri”, prepared for the United States Environmental 

Protection Agency 

 Burns & McDonnell Engineering Company, Inc.; July 10, 1974; “Sheet Y49, Rev. 2; 

Contract No. 343: Yard Structures; Ash Pond Grading Details” 

 Burns & McDonnell Engineering Company, Inc.; July 10, 1974; “Sheet Y45, Rev. 4, 

Contract No. 343: Yard Structures; Area V Grading and Drainage Plan” 

 Burns & McDonnell Engineering Company, Inc.; Excerpt from the Project 

Specifications: Contract No. 343: Division 2: Site Work 

 Burns & McDonnell Engineering Company, Inc.; April 10, 1975; Letter 

Correspondence to Martin K. Eby Construction Company, Revised Design Cross 

Sections 

 Anderson Engineering, Inc.; December 15, 2005, “City Utilities of Springfield, Ash 

Pond Topographic Survey, Southwest Power Station, Springfield, Missouri” 

 Anderson Engineering, Inc.; December 9, 2011, Excerpts from “AEWO#70045-11: 

Ash Landfill Slope Stability and Engineering Analyses; John Twitty Energy Center, 

Springfield, MO” 
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 Anderson Engineering, Inc.; January 15, 2014; “City Utilities of Springfield, East and 

West Ash Pond Topographic Survey, JTEC, Springfield, Missouri” 

In Addition, PPI reviewed the documents listed below during development of assumed 

soil strength parameters for use in slope stability analysis 

 NAVFAC Design Manual 7.2 - Foundations and Earth Structures, SN 0525-LP-300-

7071, REVALIDATED BY CHANGE 1 SEPTEMBER 1986 

 Swiss Standard SN 670 010b, Characteristic Coefficients of Soils, Association of 

Swiss Road and Traffic Engineers 

 Subsurface Exploration using the Standard Penetration Test and the Cone 

Penetrometer Test J.D. Rogers. 2006. The Geological Society of America. 

Environmental and Engineering Geoscience, Vol. XIII, No.2, pp. 161-179. 

8.0 SUBSURFACE INVESTIGATION 

Subsurface conditions were investigated through completion of subsurface borings, 

collection of soil samples during drilling, installation of groundwater level piezometers, 

and laboratory testing of collected soil samples. 

8.1 Subsurface Borings 

Subsurface conditions at this site were investigated by drilling a total of four (4) 

sample borings in the vicinity of the Coal Combustion Waste impound levees.  The 

boings were drilled in two (2) sets of two (2) borings with one (1) at the slope crest 

and one (1) boring at the slope toe. Temporary piezometers were installed in all four 

(4) borings for the purpose of more accurately monitoring groundwater levels in the 

borings. Boring locations were selected and staked in the field by PPI using the 

January 15, 2014 topographic survey completed by Anderson Engineering and 

provided to PPI by CU.  Approximate boring locations are shown on Figure 1: Boring 

Location Plan. 

The Missouri One-Call System was notified prior to the investigation to assist in 

locating buried public utilities.  PPI coordinated the field drilling schedule, as well as 

private utility locations with representatives of CU. 
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Borings were drilled on January 28 through January 31, 2014 using 4.5-inch O.D. 

continuous flight augers powered by a CME-75 truck-mounted drill rig.  Soil samples 

were collected at 2.5 to 5-ft. centers during drilling.  Soil sample types included split 

spoon samples collected while performing the Standard Penetration Test (SPT) in 

general accordance with ASTM D1586 and thin walled Shelby tubes pushed 

hydraulically in advance of drilling in accordance with ASTM D1587.  

As discussed in greater detail later in this report, collection of good quality thin-

walled Shelby tube samples was not possible in the embankment fill zone due to 

significant chert content. PPI remobilized to the site later and attempted to collect 

Shelby tube samples in certain zones adjacent to Boring 2A. Collected Shelby tube 

samples from the embankment fill were not viable for triaxial or direct shear testing, 

but were useful in determining soil classifications. 

Logs of the borings showing descriptions of soil and rock units encountered, as well 

as results of field and laboratory tests are presented in Appendix I.  Please refer to 

Appendix II for general notes regarding boring logs and additional soil sampling 

information. 

8.2 Laboratory Testing 

Collected samples were sealed and transported to the laboratory for further 

evaluation and visual examination.  Laboratory soil testing included the following: 

 Moisture Content (ASTM D2216); 

 Direct Shear Tests (ASTM D3080); 

 Particle Size Analysis (ASTM D422); 

 Atterberg Limits (ASTM D4318); 

 Pocket Penetrometers; and 

 Torvane Shear Tests (ASTM D4648). 
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“High end” shear strength testing was performed on selected thin-walled Shelby tube 

samples for determination of shear strength parameters for use in slope stability 

analysis. Drained direct shear tests were performed on three (3) representative soil 

samples from the levee embankment foundation soils.  Results of the direct shear 

tests are shown graphically in Appendix V. 

As previously mentioned, procurement of undisturbed samples of embankment fill 

satisfactory for triaxial or direct shear laboratory strength testing was attempted, but 

could not be recovered due to high gravel content within embankment fill.  To assist 

characterization of shear strength of these embankment soils, torvane shear 

strength tests were performed in the laboratory, and literature research was 

conducted for the soil types characterized in the embankment fill.  Laboratory test 

results are shown on each boring log in Appendix I and are summarized in the 

following table. 

Boring 
Depth 

(ft.) 

Liquid 
Limit 

(LL) 

Plastic 
Limit 

(PL) 

Plasticity 
Index 

(PI) 

Moisture 

Content 

(%) 

USCS 
Symbol 

Cohesion 

(psf) (eff) 

Friction 
Angle 

(deg) 
(eff) 

Dry 

Unit 

Wt. 

(pcf) 

*Torvane 
Cohesion 

(psf) 
(total) 

B-1A 29-30.5 83 38 45 56.3 CH - - -  

B-1A 
39-

40.17 
85 37 48 95.4 CH 133 17 51.6  

B-1A 
43.3-
44.8 

- - - 49.9 CH - - - 500 

B-1B 0-1.5 - - - 19.2 CL - - - 750 

B-1B 5-6.33 86 30 56 49.1 CH 492 24 74.3  

B-1B 10-11.5 - - - 57.0 CH - - - 1750 

B-1B 
18-

20.08 
- - - 67.2 CH 580 15 60.3  

B-1B 
23.5-
24.58 

87 32 55 - CH 424 18 67.1  

B-2A 9-10.5 - - - 35.9 GC - - - 1700 

B-2A 
19.5-
21.5 

38 17 21 - GC - - - 1100 

B-2A 39-40.5 - - - 46.5 CH - - - 1200 

B-2B 0-1.5 34 17 17 20.5 CL - - -  

B-2B 
8.5-
9.25 

74 35 39 38.0 CH - - -  

*Torvane Shear was determined for multiple surfaces in each sample.   The reported cohesion reported represents 
lowest value measured upon each specimen.  
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9.0 SITE GEOLOGY 

The general site area is underlain at depth by the Mississippian Age Burlington 

Limestone Formation.  This unit characteristically consists of coarse-grained gray 

limestone, which is nearly pure calcium carbonate.  Isolated chert nodules and 

discontinuous chert layers are present throughout the formation.  The upper surface of 

this limestone unit is generally irregular due to the effects of differential vertical 

weathering and solution activity.  Limestone pinnacles, some of which are 10 to 15 feet 

high, are common in the general area.  In upland areas, overburden soils are usually 

composed of red clay and chert and are residual having developed from physical and 

chemical weathering of the parent limestone.  The chert fragments were interbedded 

with the limestone, but are much more resistant to weathering and retain rock-like 

properties.  The contact between comparatively unweathered bedrock and the residual 

soils is usually abrupt. 

The general site area is located within the Ozarks Physiographic Region of Missouri, 

which is characterized by rugged to rolling hill terrain, meandering streams and karst 

topography. Karst topography forms over areas of carbonate bedrock where 

groundwater has solutionally enlarged openings to form a subsurface drainage system. 

Springs, caves, losing streams and sinkholes are common in karst areas. Sinkholes are 

defined as a depression in the landscape with an internal drainage system. Although 

there are indications of a pinnacled limestone surface from the boring data, indications 

of sinkhole development were not observed along impoundment slopes. 

10.0 GENERAL SITE & SUBSURFACE CONDITIONS 

Based upon subsurface conditions encountered within the borings drilled at the project 

site, generalized subsurface conditions are summarized in the table below.  Soil 

stratification lines on the boring logs indicate approximate boundary lines between 

different types of soil and rock units based upon observations made during drilling.  In-

situ transitions between soil and some rock types are typically gradual. 
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10.1 Generalized Subsurface Conditions 

Description Borings 
Approx. Depth 
to  Bottom of 

Stratum 

Material 
Encountered 

Moisture 
Consistency/ 

Density 

Stratum 1 B-1A & B-2A 28 to 32 ft. 

Fill – Clayey Gravel, 
Lean Clay, Fat Clay 
w/Varying Amounts 

of Chert Sand & 
Gravel 

Moist 
Medium Dense 
to Dense, Very 

Stiff 

Stratum 2 B-2B 5 ft. Lean Clay w/Silt Moist Medium Stiff 

Stratum 3 All 9.3 to 45 ft. 
Fat Clay w/Varying 
Amounts of Chert 

Sand & Gravel 

Moist to 
Wet 

Medium Stiff to 
Stiff 

Stratum 4 All 
Boring 

Completion 
Limestone - Moderately Hard 

 
Three (3) general earth and bedrock material types were encountered in the borings.  

Existing fill was encountered within the embankments consisting primarily of dense 

to medium dense clayey gravel or stiff to medium stiff gravelly lean to fat clay. These 

soils classify as CL, CH, and GC in accordance with the Unified Soils Classification 

System (USCS). SPT N-values were 12 blows per foot or greater, but generally on 

the order of 15 to 30 or more blows per foot.  Construction records documenting fill 

compaction were not available.  Based upon drilling resistance and SPT values, the 

fill appears to be fairly well compacted.  

Natural foundation soils below the fill material consist primarily of medium stiff to 

very stiff fat clay with variable quantities of chert, although medium stiff lean clay 

was encountered in Boring B-2B to a depth of 5 ft. Fat clay was found to be soft 

immediately above limestone in Boring B-1A, which is typical condition in the site 

area. SPT values recorded in the natural overburden soils were 7-blows per foot or 

greater, except within the soft clay.  

Limestone bedrock was encountered in all borings drilled.  Limestone was 

encountered at depths of 44.8 and 45.5 in Borings B-1A and B-2A drilled from the 

crest of the slope. In Borings B-1B and B-2B, several feet from the toe of slope 

limestone was found at depths of 24.7 and 9.3 ft. respectively. The sometimes 
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erratic depth to bedrock is typical of the Burlington Limestone Formation which can 

have a pinnacled top of rock surface.  

10.2 Auger Refusal 

Auger refusal is defined as the depth 

below the ground surface at which a 

boring can no longer be advanced 

with the soil drilling technique being 

used.  Auger refusal is subjective and 

is based upon the type of drilling 

equipment and types of augers being 

used, as well as the effort exerted by 

the driller.  Several different auger 

refusal conditions are possible in the 

general site area.  These conditions 

are represented graphically in the 

adjacent figure: (A) on the upper 

surface of continuous bedrock, (B) on 

rock “pinnacles”, (C) in widened joints 

that may extend well below the surrounding bedrock surface, (D) slabs of 

unweathered rock suspended in the residual soil matrix, or “floaters”, or (E) on the 

upper surface of discontinuous bedrock. 

11.0 GROUNDWATER 

Groundwater was observed in Boring 2A at depth of 34 ft. below the existing ground 

surface on the date drilled.   After drilling completion Piezometers were installed in all 

four (4) boreholes with a 5 foot length of 2-inch diameter PVC screen at the bottom of 

boring. The borehole was then backfilled with sand to 4 ft. below the surface.  PPI plans 

to close the Piezometers by drilling them and grouting full depth via tremie.  Results of 

groundwater monitoring are summarized in the table below.   
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11.1 Generalized Groundwater Conditions 

Monitoring 
Well 

Sample 
Date 

Water 
Level 

Sample 
Date 

Water 
Level 

Notes 

B-1B 2/19/14 Dry 3/4/14 Dry Riser 2.8 ft. above ground 

B-1A 2/19/14 Dry 3/4/14 Dry Riser 0.4 ft. below ground 

B-2A 2/19/14 41.0 ft. 3/4/14 41.1 ft. Riser 3.0 ft. above ground 

B-2B 2/19/14 Dry 3/4/14 Dry Riser 0.3 ft. below ground 

12.0 SLOPE STABILITY ANALYSIS  

PPI completed slope stability analysis on the approximate maximum cross section 

which occurs on the south side of the East CCW Impoundment.  PPI Utilized the 

topographic survey data collected by Anderson Engineering during the week of January 

13, 2014 to determine the cross section geometry.  Assumptions regarding the 

approximate bottom elevation of the East CCW Impoundment were made using data 

from the original Design Drawings.  The tallest slope of the East CCW Impoundment 

was used in this analysis since the slope height is appreciably greater than the slopes of 

the West CCW Impoundment and soil types and strengths do not vary appreciably.  

Soil stratigraphy was assumed based upon information shown on the original Design 

Drawings, as well as data provided by the boring logs from the subsurface investigation.  

For the purposes of the analysis, only maximum pool, steady sate seepage conditions 

were analyzed. The water level on the embankment interior was assumed at elevation 

1232.4 ft.  Soil Strength parameters were assumed from data collected using effective 

stress conditions for steady state seepage conditions and total stress conditions for 

seismic analysis. 

Effective soil strength parameters for natural foundation soils used in the slope stability 

analysis were based upon the results of laboratory direct shear testing upon natural 

foundation soils. Total strength (undrained) parameters for natural foundation soils were 

based upon the results of Torvane Cohesion Testing and assuming Φ = 0 conditions. 

As previously mentioned, torvane cohesion was determined upon multiple surfaces for 

each sample.  The more conservative torvane cohesion determined was reported and 

used in this analysis. 
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For embankment fill containing high gravel content, strength parameters were selected 

based upon classification testing (particle size distribution and plasticity), torvane 

cohesion testing, and the results of Standard Penetration Tests (SPT values used only 

as an indication of strength and density), as well as the following documents. Strength 

parameters were selected by literature research using conservative assumptions plus 

the more conservative torvane cohesion values for each sample were used for this 

analysis. 

 Subsurface Exploration using the Standard Penetration Test and the Cone 

Penetrometer Test J.D. Rogers. 2006. The Geological Society of America. 

Environmental and Engineering Geoscience, Vol. XIII, No.2, pp. 161-179 

 NAVFAC Design Manual 7.2 - Foundations and Earth Structures, SN 0525-LP-

300-7071, REVALIDATED BY CHANGE 1 SEPTEMBER 1986 

 Swiss Standard SN 670 010b, Characteristic Coefficients of soils, Association of 
Swiss Road and Traffic Engineers 
 

The following table summarizes soil parameters utilized in the slope stability analysis. 

Natural Foundation Soils – Table 1 

Sample 
Depth 

(ft.) 
Description 

Direct Shear Test Results (3 Point) 
W 

(%) 

Atterberg 
Limits 

Torvane 
Testing 

Ceff 

(psf) 
Φeff γd LL PI 

Ctotal 
(psf) 

total 

B-1B 0-1.5 Lean Clay - - - 19.2 - - 750 0 

B-1B  5 to 6.3 Fat Clay 492 24 74.3 49.1 86 30 - - 

B-1B 10-11.5 Fat Clay - - - 57.0 - - 1750 0 

B-1B  
18.8 to 

20 
Fat Clay 580 15 60.3 67.2 - - - - 

B-1B 24-24.7 Fat Clay 424 18 67.1 - 87 55 - - 

B-1A 39 to 40 Fat Clay 133 17 51.6 95.4 85 37 - - 

B-1A 
43.3-
44.8 

Fat Clay - - - 49.9 - - 500 0 

B-2A 39-40.5 Fat Clay - - - 46.5 - - 1200 0 
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Embankment Fill – Table 2 

Sample 
Depth 

(ft.) 
Description 

Direct Shear Test Results  
(3 Point) W 

(%) 

Atterberg 
Limits 

%  
- No. 200 

Sieve 

Torvane 
Test 

*Ceff 

(psf) 
*Φeff γd LL PI 

Ctotal 

(psf) 
total 

B-1A 5 to 6.5 
Clayey Gravel 

w/Sand 
- - - 19.7 - - 34.5 - - 

B-2A 4 to 5.5 
Clayey Gravel 

w/Sand 
- - - 18.9 - - 36.3 - - 

B-2A 9-10.5 
Clayey Gravel 

w/Sand 
- - - 35.9 - - - 1700 0 

B-2A 
14 to 
15 

Clayey Gravel 
w/Sand 

- - - - - - 37.7 - - 

B-2A 
19.5 to 
21.5 

Gravelly Lean 
Clay 

- - - 18.8 38 17 68.0 1100 0 

*Based upon classification tests and literature research, use Ceff = 100 psf and Φeff = 28° 

 
 Slope Stability Analysis Values – Table 3 

Stratum 

Effective Stress Total Stress 

Unit Weight 
(pcf) 

Cohesion (psf) eff 
Unit Weight 

(pcf) 
Cohesion (psf) total 

Earth Fill 120 100 28 120 1100 0 

Residual Soil – A 115 500 24 115 750 0 

Residual Soil – B 100 600 15 100 1750 0 

Residual Soil – C 100 150 17 100 500 0 

Limestone 140 5000 45 140 5000 45 

 

Slope stability analysis was performed using the computer program Slope/W, part of the 

GeoStudio 2012 software package. Spencer’s method was selected as the finite 

difference analysis method, since it achieves both moment and force equilibrium.  The 

grid and radius method was utilized to search for the critical slope failure surface. 

The project site is located in an area of low seismicity. The project site lies within 

Seismic Zone 1 according to the Uniform Building Code map, which is presented as 

Appendix C within the USACE ER 1110-2-1806 Engineering and Design: Earthquake 

Design and Evaluation for Civil Works Projects. 
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Probabilistic seismic hazard analysis (PSHA) was utilized to evaluate earthquake 

design accelerations at the project site in accordance with guidance provided in ER 

1110-2-1806. The PSHA was performed using the 2008 Interactive Deaggregation 

Program available on the United States Geological Survey (USGS) Earthquake Hazards 

Mapping Website (http://earthquake.usgs.gov/). 

A 2,475-year return period earthquake event (2% Probability of Exceedance in 50-

years) is commonly accepted as the Design Earthquake Event for seismic slope stability 

analysis. 

Graphical output from the PSHA run is included in Appendix IV.  Resultant peak 

horizontal ground acceleration (pga) data from PSHA run is summarized in the following 

table. 

Summary of PSHA Runs – Table 4 

Earthquake Return Period 
Peak Horizontal Ground Acceleration 

(pga) for BC Rock 

2,475-year (2% PE in 50 years) 0.08132g 

 
The required minimum Factor of Safety for steady state seepage and seismic conditions 

required by various United States Army Corps of Engineers, Federal Emergency 

Management Association, and Missouri Department of Natural Resources guidelines is 

1.5 and 1.1 respectively.  PPI completed two (2) different slope stability analysis runs, 

using data collected during drilling as well as subsequent laboratory testing.  Results of 

the analyses are summarized below in Table 3. Copies of the slope stability analysis 

output are included in Appendix II.   

Analyses Summary – Table 5 

Condition 
Required 

Factor of Safety 

Computed  

Factor of Safety 

Steady State Seepage Under 
Maximum Pool (Deep Failure) 

1.5 1.89 

Steady State Seepage Under 
Maximum Pool (Shallow Failure) 

1.5 1.58 

Steady State Seepage Under 
Maximum Pool with Seismic Event 

1.1 1.39 
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13.0 LIQUEFACTION ANALYSIS 

PPI reviewed the subsurface conditions encountered at the project site with regard to 

their susceptibility to liquefaction during a large earthquake event. 

The levee embankment foundation soils should not be susceptible to liquefaction based 

upon their Unified Soil Classification System (USCS) classification and in situ density.  

Foundation soils typically consist of medium stiff to stiff lean clay and fat clay with gravel 

(CL and CH); dense to very dense clayey gravel (GC); or dense to very dense gravel 

with clay (GC). 

The sub-sections below discuss the technical references used for review of liquefaction 

potential, and PPI’s evaluation of liquefaction potential of the embankment foundation 

soils and impounded CCW. 

13.1 Liquefaction Reference Documents 

The EM 1110-2-1902 Engineering and Design: Slope Stability discusses liquefaction 

and emphasizes the importance of evaluating the liquefaction potential of foundation 

soils. The EM 1110-2-1902 provides the following summary restated below 

regarding liquefaction (pg. 1-6). 

“d. Liquefaction.  The phenomenon of soil liquefaction, or significant reduction in 

soil strength and stiffness as a result of shear-induced increase in pore water 

pressure, is a major cause of earthquake damage to embankments and slopes.  

Most instances of liquefaction have been associated with saturated loose sandy 

or silty soils.  Loose gravelly soil deposits are also vulnerable to liquefaction….  

Cohesive soils with more than 20 percent of particles finer than 0.005 mm, or 

with liquid limit (LL) of 34 or greater, or with the plasticity index (PI) of 14 or 

greater are generally considered not susceptible to liquefaction.” 

The technical paper “Liquefaction Resistance of Soils: Summary Report from the 

1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 

Resistance of Soils” (Youd & Idriss, et al, 2001) gives the following definition of 

liquefaction: 
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“Liquefaction is defined as the transformation of a granular material from a solid 

to a liquefied state as a consequence of increased pore-water pressure and 

reduced effective stress (Marcuson 1978).  Increased pore-water pressure is 

induced by the tendency of granular materials to compact when subjected to 

cyclic shear deformations.  The change of state occurs most readily in loose to 

moderately dense granular soils with poor drainage, such as silty sands or sands 

and gravels capped by or containing seams of impermeable sediment.” 

The levee embankment foundation soils should not be susceptible to liquefaction 

based upon their Unified Soil Classification System (USCS) classification and in situ 

density.  Foundation soils typically consist of medium stiff to stiff lean clay and fat 

clay with gravel (CL and CH); dense to very dense clayey gravel (GC); or dense to 

very dense gravel with clay (GC).   

14.0 CONCLUSIONS & RECOMMENDATIONS 

From the results of the slope stability analyses and the minimum Factor of Safety 

required by the various United States Army Corps of Engineers, Federal Emergency 

Management Association, and Missouri Department of Natural Resources guidelines 

stated in Section 12.0, it is our opinion that the JTEC Coal Combustion Waste 

Impoundment site conforms with the minimum requirements for global slope stability. It 

is recommended that C.U. continue to perform periodic inspections of the impoundment 

embankments. Any change in profile, tension cracks, bulging, etc., should be reported 

immediately to the Geotechnical Engineer for evaluation.  Large rooted vegetation 

should be prevented from growing in the earthen embankments.  Embankments should 

be inspected for animal bore holes and repaired as necessary. 

15.0   REPORT LIMITATIONS 

This Report has been prepared in accordance with generally accepted practices of 

other consultants undertaking similar studies at the same time and in the same 

geographical area.  PPI observed that degree of care and skill generally exercised by 

other consultants under similar circumstances and conditions. Palmerton & Parrish’s 

findings and conclusions must be considered not as scientific certainties, but as 
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opinions based on our professional judgment concerning the significance of the data 

gathered during the course of this investigation. Other than this, no warranty is implied 

or intended. 
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FIGURE 



FIGURE 1

DATE: March 6, 2014 Project Number: 219892

Boring Location Plan

Project:  JTEC Site Structural Assessment

Client:  City Utilities of Springfield

LEGEND

PALMERTON & PARRISH, INC.
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APPENDIX I 

BORING LOGS  
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BORING NUMBER  B-1A

PROJECT LOCATION Springfield, Missouri

PROJECT NAME JTEC CCW Impoundments - SSACLIENT City Utilities

PROJECT NO. 219892

B
O

R
IN

G
 L

O
G

 -
 P

P
I -

 P
P

I S
T

D
 T

E
M

P
LA

T
E

.G
D

T
 -

 3
/1

0
/1

4 
1

4:
01

 -
 S

:\_
M

A
S

T
E

R
 P

R
O

JE
C

T
 F

IL
E

\C
\C

IT
Y

 U
T

IL
IT

IE
S

 O
F

 S
P

F
LD

-2
19

89
2-

JT
E

C
 S

IT
E

 S
T

R
U

C
T

U
R

A
L 

A
S

S
E

S
S

M
E

N
T

-C
C

W
 IM

P
.-

S
U

B
\B

O
R

IN
G

 L
O

G
S

\B
O

R
IN

G
 L

O
G

S
.G

P
J

4168 W. Kearney St.
Springfield, Missouri 65803
Telephone:  (417) 864-6000
Fax:  (417) 864-6004

BASE ROCK

FILL - CLAYEY GRAVEL with Silt and Sand, Brown
Red, Medium Dense to Dense, Moist (GC)

FILL - CLAYEY GRAVEL with Sand, Red, Dense,
Moist (GC)

FILL - CHERT GRAVEL and Cobbles with Sand and
Brown Clay, White, Medium Dense, Moist (GP)

FILL - GRAVELLY LEAN CLAY, Brown, Very Stiff,
Moist (CL)

FILL - FAT CLAY with Scattered Chert Sand and
Gravel, Red Brown to Red, Very Stiff, Moist (CH)

FAT CLAY with Trace Chert Sand & Gravel, Red, Very
Stiff, Moist (CH)

CHERT, White, Hard (GP)

FAT CLAY with Scatterd Chert Sand and Gravel, Red,
Stiff, Moist (CH)

Weathered Limestone in Tip of Split Spoon

FAT CLAY with Weathered Limeston, Red, Soft, Wet
(CH)

LIMESTONE, Hard

Refusal at 47.3 feet.
Bottom of borehole at 47.3 feet.

MATERIAL DESCRIPTION

Unified Soil Classification System
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AT END OF DRILLING

NOTES Piezometer installed at boring completion. 5-ft. of 2-inch PVC screen. Sand to 4-ft. below the surface.

GROUND WATER LEVELS

AT TIME OF DRILLING 0 ft
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BORING NUMBER  B-1B

PROJECT LOCATION Springfield, Missouri

PROJECT NAME JTEC CCW Impoundments - SSACLIENT City Utilities

PROJECT NO. 219892
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4168 W. Kearney St.
Springfield, Missouri 65803
Telephone:  (417) 864-6000
Fax:  (417) 864-6004

FAT CLAY with Chert Gravel and Sand, Red Brown to
Red, Very Stiff to Stiff, Moist, Grass Covered (CH)

FAT CLAY with Scattered Chert Gravel and Sand,
Red, Medium Stiff, Moist (CH)

FAT CLAY with Chert Gravel and Sand, Red, Medium
Stiff, Moist (CH)

FAT CLAY with Scattered Chert Gravel and Sand,
Red, Medium Stiff, Moist (CH)

FAT CLAY,  Red, Medium Stiff, Moist, Weathered
limestone in Tip of Split Spoon (CH)

LIMESTONE, Weathered

LIMESTONE, Hard

Refusal at 27.8 feet.
Bottom of borehole at 27.8 feet.

MATERIAL DESCRIPTION

Unified Soil Classification System



SPT
1

SPT
2

SPT
3

ST
4

SPT
5

SPT
6

SPT
7

ST
8

SPT
9

SPT
10

1.1 ft

9.0 ft

17.0 ft

32.0 ft

45.5 ft
46.5 ft

H
S

A
 -

 4
.2

5"
 I

.D
.

12-10-15
(25)

18-18-22
(40)

4-5-7
(12)

8-10-12
(22)

8-8-11
(19)

8-11-5
(16)

4-3-5
(8)

10-8-11
(19)

42

100

SURFACE ELEVATIONDATE STARTED 1/30/14 COMPLETED 1/31/14

DRILL RIG CME 75

HAMMER TYPE Auto

LOGGED BY CC CHECKED BY RG

DRILLER RD

AT END OF DRILLING
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BORING NUMBER  B-2A

PROJECT LOCATION Springfield, Missouri

PROJECT NAME JTEC CCW Impoundments - SSACLIENT City Utilities

PROJECT NO. 219892

B
O

R
IN

G
 L

O
G

 -
 P

P
I -

 P
P

I S
T

D
 T

E
M

P
LA

T
E

.G
D

T
 -

 3
/1

0
/1

4 
1

4:
01

 -
 S

:\_
M

A
S

T
E

R
 P

R
O

JE
C

T
 F

IL
E

\C
\C

IT
Y

 U
T

IL
IT

IE
S

 O
F

 S
P

F
LD

-2
19

89
2-

JT
E

C
 S

IT
E

 S
T

R
U

C
T

U
R

A
L 

A
S

S
E

S
S

M
E

N
T

-C
C

W
 IM

P
.-

S
U

B
\B

O
R

IN
G

 L
O

G
S

\B
O

R
IN

G
 L

O
G

S
.G

P
J

4168 W. Kearney St.
Springfield, Missouri 65803
Telephone:  (417) 864-6000
Fax:  (417) 864-6004

BASE ROCK

FILL - CLAYEY GRAVEL with Sand, Red Brown,
Medium Dense to Dense, Moist (GC)

FILL - CLAYEY GRAVEL with Sand, Red, Dense,
Moist (GC)

FILL - GRAVELLY LEAN CLAY, Red Brown to Brown,
Stiff, Moist (CL)

FAT CLAY with Abundant Chert Gravel and Sand,
Red, Stiff to Medium Stiff, Wet (CH)

LIMESTONE, Weathered

LIMESTONE, Hard
Refusal at 46.5 feet.

Bottom of borehole at 46.5 feet.

MATERIAL DESCRIPTION

Unified Soil Classification System
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BORING NUMBER  B-2B

PROJECT LOCATION Springfield, Missouri

PROJECT NAME JTEC CCW Impoundments - SSACLIENT City Utilities

PROJECT NO. 219892
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4168 W. Kearney St.
Springfield, Missouri 65803
Telephone:  (417) 864-6000
Fax:  (417) 864-6004

LEAN CLAY with Silt, Brown, Medium Stiff, Moist,
Grass Covered (CL)

FAT CLAY with Chert Gravel and Sand, Red, Stiff,
Moist (CH)

FAT CLAY, Red Brown, Medium Stiff, Moist,
Weathered Limestone in Tip of Split Spoon (CH)

LIMESTONE, Weathered

LIMESTONE, Hard
Refusal at 9.7 feet.

Bottom of borehole at 9.7 feet.

MATERIAL DESCRIPTION

Unified Soil Classification System
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APPENDIX II 

GENERAL NOTES 



  GENERAL NOTES 

 
*Modified after Ref. ASTM D2487-93 & D2488-93 

**Modified after Ref. Oregon DOT 1987 & FHWA 1997 

***Modified after Ref. AASHTO 1988, DM 7.1 1982, and Oregon DOT 1987 

 

 

SOIL PROPERTIES & DESCRIPTIONS 

COHESIVE SOILS 

Consistency 

Unconfined Compressive 

Strength (Qu) 
Pocket Penetrometer Strength N-Value 

(psf) (tsf) (blows/ft) 

Very Soft <500 <0.25 0-1 

Soft 500-1000 0.25-0.50 2-4 

Medium Stiff 1001-2000 0.50-1.00 5-8 

Stiff 2001-4000 1.00-2.00 9-15 

Very Stiff 4001-8000 2.00-4.00 16-30 

Hard >8000 >4.00 31-60 

Very Hard   >60 
 

    

Group 

Symbol 
Group Name  Plasticity Moisture 

CL – Lean Clay   Description  Liquid Limit (LL)  Descriptive Term Guide 

ML – Silt  Lean <45% 
Dry 

 No indication of 
water OL – Organic Clay 

or Silt 
 

  

Lean to Fat 45-49% 
Moist  Indication of water 

CH – Fat Clay    

MH – Elastic Silt  Fat ≥50% 
Wet Visible water 

OH – Organic Clay 

or Silt 
 

  

    

PT – Peat      

CL-CH – Lean to Fat 

Clay 

 
    

      
 

Fine Grained Soil Subclassification Percent (by weight) of Total Sample 

Terms: SILT, LEAN CLAY, FAT CLAY, ELASTIC SILT PRIMARY CONSTITUENT 

Sandy,gravelly, abundant cobbles, abundant boulders 

with sand, with gravel, with cobbles, with boulders 

scattered sand, scattered gravel, scattered cobbles, scattered boulders 

a trace sand, a trace gravel, a few cobbles, a few boulders 

>30-50] 

>15-30] – secondary coarse grained constituents 

    5-15] 

        <5] 

The relationship of clay and silt constituents is based on plasticity and normally determined by performing index tests. Refined classifications are 

based on Atterberg Limits tests and the Plasticity Chart. 
 

NON-COHESIVE (GRANULAR) SOILS 
 

     **GRAIN SIZE IDENTIFICATION 

     
Name Size Limits Familiar Example 

Boulder 

Cobbles 

Coarse Gravel 

Fine Gravel 

Coarse Sand 

Medium Sand 

Fine Sand* 

Fines 

12 in. or more 

3 in. to 12 in. 

¾-in. to 3 in. 

No. 4 sieve to ¾-in. 

No. 10 sieve to No. 4 sieve 

No. 40 sieve to No. 10 sieve 

No. 200 sieve to No. 40 sieve 

Less than No. 200 sieve 

Larger than basketball 

Grapefruit 

Orange or lemon 

Grape or pea 

Rock salt 

Sugar, table salt 

Powdered sugar 

 

     

RELATIVE DENSITY N-VALUE  MOISTURE CONDITION  

   Descriptive Term Guide  

Very Loose 

Loose 

Medium Dense 

Dense 

Very Dense 

0-4 

5-10 

11-24 

25-50 

≥51 

 

Dry 

Moist 

Wet 

No indication of water 

Damp but no visible water 

Visible free water, usually   

soil is below water table. 

 

 

     
*Particles finer than fine sand cannot be discerned with the naked eye at 

a distance of 8 in. 

  

Coarse Grained Soil Subclassification Percent (by weight) of Total Sample 

Terms: GRAVEL, SAND, COBBLES, BOULDERS PRIMARY CONSTITUENT 

Sandy,gravelly, abundant cobbles, abundant boulders 

with gravel, with sand, with cobbles, with boulders 

scattered gravel, scattered sand, scattered cobbles, scattered boulders 

a trace gravel, a trace sand, a few cobbles, a few boulders 

>30-50] 

>15-30] – secondary coarse grained constituents 

    5-15] 

        <5] 
  

Silty (MH & ML)*, clayey (CL & CH)*      <15 ] 

(with silt, with clay)*  5-15 ] – secondary fine  grained constituents 

(trace silt, trace clay)*        <5 ] 

*Index tests and/or plasticity tests are performed to determine whether the term “silt” or “clay” is used. 



  GENERAL NOTES 

*Modified after Ref. ASTM D2487-93 & D2488-93 

**Modified after Ref. Oregon DOT 1987 & FHWA 1997 

***Modified after Ref. AASHTO 1988, DM 7.1 1982, and Oregon DOT 1987 

 

 

BEDROCK PROPERTIES & DESCRIPTIONS 

ROCK QUALITY DESIGNATION (RQD)  SCALE OF RELATIVE ROCK HARDNESS 

Description of Rock Quality *RQD (%)  

Term Field Identification 

Approx. Unconfined 

Compressive 

Strength (tsf) 

Very Poor  < 25  

Poor 25-50  

Fair 50-75  Extremely Soft Can be indented by thumbnail 2.6-10 

Good 75-90  Very Soft Can be peeled by pocket knife 10-50 

Excellent 90-100  Soft Can be peeled with difficulty by pocket knife 50-260 

*RQD is defined as the total length of sound core 

pieces 4 in. or greater in length, expressed as a 

percentage of the total length cored. RQD provides 

an indication of the integrity of the rock mass and 

relative extent of seams and bedding planes. 

 

Medium Hard Can be grooved 2 mm deep by firm pressure of knife 260-520 

Moderately Hard Requires one hammer blow to fracture 520-1040 

Hard Can be scratched with knife or pick only with difficulty 1040-2610 

Very Hard Cannot be scratched by knife or sharp pick >2610 

   

    

DEGREE OF WEATHERING     .  GRAIN SIZE (TYPICALLY FOR SEDIMENTARY ROCKS) 

Slightly 

Weathered 

Rock generally fresh, joints stained and discoloration extends  
into rock up to 25mm (1 in), open joints may contain clay,       
core rings under hammer impact. 

 Description Diameter (mm) Field Identification 

Very Coarse Grained >4.76  

Weathered 

Rock mass is decomposed 50% or less, significant portions of 
rock show discoloration and weathering effects, cores cannot 
be broken by hand or scraped by knife. 

 Coarse Grained 2.0-4.76 Individual grains can easily be 
distinguished by eye. 

Medium Grained 0.42-2.0 Individual grains can be 
distinguished by eye. 

Highly 

Weathered 

Rock mass is more than 50% decomposed, complete  
discoloration of rock fabric, core may be extremely broken 
and gives clunk sound when struck by hammer, may be 
shaved with  a knife. 

 

Fine Grained 0.074-0.42 Individual grains can be 
distinguished by eye with difficulty. 

Very Fine Grained <0.074 Individual grains cannot be 
distinguished by unaided eye.   

     

VOIDS  BEDDING THICKNESS  

Pit Voids barely seen with naked eye to 6mm (¼-in)  Very Thick Bedded > 3’ thick  

Vug Voids 6 to 50mm (¼ to 2 in) in diameter  Thick Bedded 1’ to 3’ thick  

Cavity 50 to 6000mm (2 to 24 in) in diameter  Medium Bedded 4” to 1’ thick  

Cave >600mm  Thin Bedded 1¼” to 4” thick  

   Very Thin Bedded ½” to 1¼” thick  

   Thickly Laminated ⅛” to ½” thick  

   Thinly Laminated ⅛” or less (paper thin)  

 

  

DRILLING NOTES 

Drilling and Sampling Symbols 

NQ – Rock Core (2-in. diameter) CFA – Continuous Flight (Solid Stem) Auger WB – Wash Bore or Mud Rotary 

HQ – Rock Core (3 in. diameter) SS – Split Spoon Sampler TP – Test-Pit 

HSA – Hollow Stem Auger ST – Shelby Tube HA – Hand Auger 
      

Soil Sample Types 

Shelby Tube Samples:  Relatively undisturbed soil samples were obtained from the borings using thin wall (Shelby) tube samplers pushed hydraulically into the 

soil in advance of drilling. This sampling, which is considered to be undisturbed, was performed in accordance with the requirements of ASTM D 1587. This 

type of sample is considered best for the testing of "in-situ" soil properties such as natural density and strength characteristics. The use of this sampling method is 

basically restricted to soil containing little to no chert fragments and to softer shale deposits. 

Split Spoon Samples: The Standard Penetration Test is conducted in conjunction with the split-barrel sampling procedure. The “N” value corresponds to the 

number of blows required to drive the last 1 foot of an 18-in. long,   2-in. O.D. split-barrel sampler with a 140 lb. hammer falling a distance of 30 in. The 

Standard Penetration Test is carried out according to ASTM D-1586.  

Water Level Measurements 

Water levels indicated on the boring logs are levels measured in the borings at the times indicated. In permeable materials, the indicated levels may reflect the 

location of groundwater. In low permeability soils, shallow groundwater may indicate a perched condition. Caution is merited when interpreting short-term water 

level readings from open bore holes. Accurate water levels are best determined from piezometers. 

 

Automatic Hammer 

Palmerton and Parrish’s CME’s are equipped with automatic hammers.  The conventional method used to obtain disturbed soil samples used a safety hammer 

operated by company personnel with a cat head and rope.  However, use of an automatic hammer allows a greater mechanical efficiency to be achieved in the 

field while performing a Standard Penetration resistance test based upon automatic hammer efficiencies calibrated using dynamic testing techniques. 
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LABORATORY TEST RESULTS 
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APPENDIX IV 

EARTHQUAKE PSHA OUTPUT 
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PSH Deaggregation on NEHRP BC rock
CU_JTEC  93.385o W, 37.147 N.
Peak Horiz. Ground Accel.>=0.08132  g
Ann. Exceedance Rate .406E-03. Mean Return Time 2475  years
Mean (R,M,ε0) 246.4 km, 7.18,  0.56
Modal (R,M,ε0) = 312.2 km, 7.70,  0.75 (from peak R,M bin)
Modal (R,M,ε*) =312.5 km, 7.70, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR 25. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2
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GMT 2014 Feb 24 20:47:35 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on rock with average vs= 760. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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APPENDIX V 

SLOPE STABILITY ANALYSIS RESULTS 



Name: (1) Earth Fill      Unit Weight: 120 pcf     Cohesion': 100 psf     Phi': 28 °     
Name: (2) Residual Soil - A      Unit Weight: 115 pcf     Cohesion': 500 psf     Phi': 24 °     
Name: (3) Residual Soil - B      Unit Weight: 100 pcf     Cohesion': 600 psf     Phi': 15 °     
Name: (4) Residual Soil - C      Unit Weight: 100 pcf     Cohesion': 150 psf     Phi': 17 °     
Name: (5) Limestone       Unit Weight: 140 pcf     Cohesion': 5,000 psf     Phi': 45 °     

Project: Site Structural Assessment of CCW Impoundments 
               City Utilities John Twitty Energy Center
               Springfield, Missouri
Project Number: 219892
Analysis Case: Max. Pool, Steady State, Eff. Stress
                            High GW

FS = 1.58



Name: (1) Earth Fill      Unit Weight: 120 pcf     Cohesion': 100 psf     Phi': 28 °     
Name: (2) Residual Soil - A      Unit Weight: 115 pcf     Cohesion': 500 psf     Phi': 24 °     
Name: (3) Residual Soil - B      Unit Weight: 100 pcf     Cohesion': 600 psf     Phi': 15 °     
Name: (4) Residual Soil - C      Unit Weight: 100 pcf     Cohesion': 150 psf     Phi': 17 °     
Name: (5) Limestone       Unit Weight: 140 pcf     Cohesion': 5,000 psf     Phi': 45 °     

Project: Site Structural Assessment of CCW Impoundments 
               City Utilities John Twitty Energy Center
               Springfield, Missouri
Project Number: 219892
Analysis Case: Max. Pool, Steady State, Eff. Stress
                            High GW

FS = 1.89



Name: (1) Earth Fill      Unit Weight: 120 pcf     Cohesion': 1,100 psf     Phi': 0 °     
Name: (2) Residual Soil - A      Unit Weight: 115 pcf     Cohesion': 750 psf     Phi': 0 °     
Name: (3) Residual Soil - B      Unit Weight: 100 pcf     Cohesion': 1,750 psf     Phi': 0 °     
Name: (4) Residual Soil - C      Unit Weight: 100 pcf     Cohesion': 500 psf     Phi': 0 °     
Name: (5) Limestone       Unit Weight: 140 pcf     Cohesion': 5,000 psf     Phi': 45 °     

Project: Site Structural Assessment of CCW Impoundments 
               City Utilities John Twitty Energy Center
               Springfield, Missouri
Project Number: 219892
Analysis Case: Max. Pool, Steady State, Total Stress
                            High GW, Seismic 

FS = 1.39



 

March 17, 2014 
PPI Project No. 219892   

APPENDIX VI 

DIRECT SHEAR RESULTS 
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PALMERTON & PARRISH, INC. CU B-1A

DATE: February 24, 2014 Project Number: 219892

Drained Direct Shear Test

Project:  JTEC Site Slope Stability - Springfield, Missouri

Client:  City Utilities of Springfield

Sample: CU B-1A, ST 39'-40.17'

Sample Description: Fat Clay (CH)

Avg. Initial Specimen Data


d

 = 51.6 pcf         LL = 85, PL= 37, PI = 48

    w = 95.4%

Results:

    C = 133 psf

 = 17°
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PALMERTON & PARRISH, INC. CU B-1B

DATE: February 24, 2014 Project Number: 219892

Drained Direct Shear Test

Project:  JTEC Site Slope Stability - Springfield, Missouri

Client:  City Utilities of Springfield

Sample: CU B-1B, ST 5'-6.33'

Sample Description: Fat Clay (CH)

Avg. Initial Specimen Data


d

 = 74.3 pcf         LL = 86, PL= 30, PI = 56

    w = 49.1%

Results:

    C = 492 psf

 = 24°
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PALMERTON & PARRISH, INC. CU B-1B

DATE: February 24, 2014 Project Number: 219892

Drained Direct Shear Test

Project:  JTEC Site Slope Stability - Springfield, Missouri

Client:  City Utilities of Springfield

Sample: CU B-1B, ST 18.5'-20.08'

Sample Description: Fat Clay (CH)

Avg. Initial Specimen Data


d

 = 60.3 pcf         

    w = 67.2%

Results:

    C = 580 psf

 = 15°



PALMERTON & PARRISH, INC. CU B-1B

DATE: February 24, 2014 Project Number: 219892

Drained Direct Shear Test

Project:  JTEC Site Slope Stability - Springfield, Missouri

Client:  City Utilities of Springfield

Sample: CU B-1B, ST 24'-24.7'

Sample Description: Fat Clay (CH)

Avg. Initial Specimen Data


d

 = 67.1 pcf         LL = 87, PL= 32, PI = 55

    w = 57.7%

Results:

    C = 424 psf

 = 18°























Key to Materials Submitted to EPA/CDM – January 24, 2014 

 

Documentation requested in EPA/City Utilities conference call of 1/9/2014. 

 

Request    Documentation Requested  Document/Reference 
1    Copies of records of inspection    1‐1: Sample inspection logs for period of time 

prior to and around orignal CDM  site visit  

2    Hydraulics/hydrology calculations    2‐1:  Pond contour survey by Anderson 
Engineering; 1/17/14 
2‐2: Calculations by Ted Salveter (CU) 

3    Indication of reference storm event    * Included in Salveter/Wehrly/ Palmerton & 
Parrish calculations 

4    Emergency action plan    4‐1: Greene County Emergency Operations plan; 
references to flood preparedness, warnings, etc. 
highlighted (Available; 20MB file) 

5    Additional information on 
piezometers 

  5‐1: Map showing piezometer locations in 
relation to west/east ash ponds 
5‐2: Typical piezometer construction log 

6    Stability analysis (static, seismic, 
liquefaction) 

  6‐1: Palmerton & Parrish initial opinion and 
scope letter 

7    Clarification on MDNR requirement 
to replace spillway with overflow 
outlets 

  7‐1: Write‐up on modification effort with 
references to drawings and hydraulic 
calculations 
7:2:  M.R. Wehrly calculations related to ash 
pond overflow modifications, 1986 
7‐3: 1986 overflow modification detail dwgs 

 



From: Dave Fraley
To: Englander, Jana; Kelly, PatrickM
Cc: Mark Haden
Subject: Requested documentation - I
Date: Friday, January 24, 2014 12:36:42 PM
Attachments: Key to Materials Submitted.docx

1-1 JTEC Inspection forms.pdf
2-2 Salveter Pond storage volume calcs.pdf
2-1 pond survey & storage volume.pdf

Jana/Patrick,
 
Attached is the first installment of materials we discussed by telephone last week regarding the ash
impoundments at John Twitty Energy Center.   Since the materials total over 40 MB, I am sending
submitting in two or more separate messages to avoid swamping your message system.  The first
document is a key or roadmap to the entire submittal. 
 
The remaining attachments follow our conversation pretty much in the order requested, which was in
line with the structure of the original report.  Some of these materials are historic (e.g., related to the
1986 overflow modifications) and others were just concluded this past week.  Where historic materials
are less than representative of current conditions, we have attempted to explain in the accompanying
narrative.
 
You specifically requested information on stability analysis and we have included a preliminary opinion
by Palmerton & Parrish, Inc. (PPI), one of our local civil engineering firms. PPI advised us they could
perform a more detailed analysis in 4-6 weeks and we released them to perform that evaluation earlier
this week. 
 
With respect to emergency action plans, we were unable to a find plant-specific plan such as we have
for our regulated drinking water reservoirs.  However we have downloaded the community-wide EAP for
Greene County, which does detail community planning and resources for flood hazards from dam
failures (generically).  As indicated in the key, we can provide a copy of this 20 MB file if you think it
would be of assistance to this effort.
 
Thanks again for your forbearance in this matter.  If you have additional questions or comments, please
do not hesitate to get in touch with me.
 
Thanks!
 
David M. Fraley, PhD
Director - Environmental Affairs
City Utilities of Springfield, MO
417.831.8778
 
 
 
 

Are you connected? Follow us!           

mailto:Dave.Fraley@cityutilities.net
mailto:Englander.Jana@epa.gov
mailto:Kelly.PatrickM@epa.gov
mailto:Mark.Haden@cityutilities.net
http://twitter.com/cityutilities
http://www.facebook.com/cityutilities.net
http://www.youtube.com/cityutilities

[bookmark: _GoBack]Key to Materials Submitted to EPA/CDM – January 24, 2014



Documentation requested in EPA/City Utilities conference call of 1/9/2014.



		Request

		

		Documentation Requested

		

		Document/Reference



		1

		

		Copies of records of inspection

		

		1-1: Sample inspection logs for period of time prior to and around orignal CDM  site visit 



		2

		

		Hydraulics/hydrology calculations

		

		2-1:  Pond contour survey by Anderson Engineering; 1/17/14

2-2: Calculations by Ted Salveter (CU)



		3

		

		Indication of reference storm event

		

		* Included in Salveter/Wehrly/ Palmerton & Parrish calculations



		4

		

		Emergency action plan

		

		4-1: Greene County Emergency Operations plan; references to flood preparedness, warnings, etc. highlighted (Available; 20MB file)



		5

		

		Additional information on piezometers

		

		5-1: Map showing piezometer locations in relation to west/east ash ponds
5-2: Typical piezometer construction log



		6

		

		Stability analysis (static, seismic, liquefaction)

		

		6-1: Palmerton & Parrish initial opinion and scope letter



		7

		

		Clarification on MDNR requirement to replace spillway with overflow outlets

		

		7-1: Write-up on modification effort with references to drawings and hydraulic calculations

7:2:  M.R. Wehrly calculations related to ash pond overflow modifications, 1986

7-3: 1986 overflow modification detail dwgs























































CAPACITY OF ASH PONDS TO CONTAIN DESIGN RAINFALL EVENT 


 


Purpose:  


 


Document that ash ponds have adequate capacity above the normal pool elevation to store a 100-year, 


24-hour rainfall event and maintain adequate freeboard. 


 


Assumptions 


 


• Total precipitation from a 100-year, 24-hour rainfall event is 8.18 inches. (Source: City of 


Springfield Drainage Design Manual) 


• Normal pool elevation of both east and west ponds is 1226 to 1227 feet (use 1227 feet) 


• Low point along top of embankment (both ponds) is 1235 feet 


• East pond storage volume (1227 to 1234 feet) is 46,564 cubic yards (2014 Anderson survey) 


• West pond storage volume (1227 to 1234 feet) is 60,631 cubic yards (2014 Anderson survey) 


• Drainage area for east pond is 30.4 acres 


• Drainage area for west pond is 36.6 acres 


 


Calculate total rainfall volume from design storm event  in E. and W. pond drainage areas 


 


East Pond:   [30.4 acres] [43,560 sq. ft/acre] [8.18 in.] [1 ft/12 in.] [cubic yard/27 cubic ft.]  =  33,432 yd3 


 


West pond:  [36.6 ac.] [43,560 sq. ft./ac.] [8.18 in.] [1 ft./12 in.] [cubic yard/27 cubic ft.] =   40,251 yd3 


 


Conclusion 


 


Both the east and west ponds will contain a 100-year, 24-hour rainfall event and maintain a freeboard 


greater than one foot.   This is a very conservative estimate in that it: 


 


1.  Assumes that the total rainfall produced in the drainage areas actually drains to the pond (i.e no 


infiltration). 


2. Does not account for the additional routing capacity of the two 12” diameter corrugated 


spillway overflow pipes which have a discharge capacity of 2 to 3 cfs each.    


3. Does not account for the maximum routing capacity of the ponds outlet structure which is 


capable of discharging approximately 6.5 million gallons per day (mgd) and which could be 


utilized in the event of major storm event.  For reference the average pond discharge is 0.2 mgd. 
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