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RE: REPORT ON PIEZOMETER INSTALLATION, WATER LEVEL MONITORING, AND 
GROUNDWATER SAMPLING  
LABADIE, MISSOURI

Golder Associates Inc. (Golder) is pleased to submit this letter report summarizing drilling and piezometer 
installation south of the Ameren Missouri (Ameren) Labadie Power Plant facility in Franklin County, 
Missouri.  This letter summarizes piezometer installation, groundwater sampling methods, water level 
monitoring methods, and laboratory analyses of the groundwater samples collected during April 2012.  A
tabulated summary of the periodic water level data collected to date is provided in Table 1. Laboratory 
analytical results are summarized in Table 2. The site layout and piezometer locations are shown on 
Figure 1 with the groundwater potentiometric surface map.  Borehole logs are provided as Attachment A.  
Piezometer construction forms are provided as Attachment B.  Attachment C contains copies of the 
MDNR Well Registration Forms and receipt confirmation from the MDNR Wellhead Protection Program.

1.0 PROJECT SCOPE OF WORK
Our scope of work included the following:

� Drill and install three new groundwater piezometers

� Develop and sample the three new groundwater piezometers

� Survey the ground surface and casing elevations of the new piezometers

� Install electronic instruments in the new piezometers for periodic water level 
measurements

� Tabulate sampling results and prepare a summary report 

2.0 DRILLING, PIEZOMETER INSTALLATION, AND DEVELOPMENT
Three new groundwater piezometers were installed based on the January 24, 2012 map of proposed 
locations provided by Ameren in the Preliminary Work Plan. Roberts Environmental Drilling, Inc. 
performed the drilling and piezometer installation under the direct supervision of Golder.  The new 
piezometers were installed with open or screened intervals in bedrock at similar depths to nearby 
residential water wells in general accordance with Missouri Department of Natural Resources (MDNR) 
Well Construction Rules (10 CSR 23-4.060 Construction Standards for Monitoring Wells).  New 
piezometers were installed using air rotary drilling methods.  Geologic borehole logs and piezometer
construction logs were prepared for each new piezometer installation and are included as Attachments A 
and B.  Two of the new piezometers (TGP-A and TGP-B) were constructed of two-inch diameter, 
schedule 80 polyvinyl chloride (PVC) riser pipe with 0.01-inch machine slotted PVC screen.  The 
screened portion was constructed with a sand pack consisting of environmental silica sand.  A bentonite 
seal was placed in the annulus above the sand pack and extended up to two feet below ground surface to 
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form a well seal.  A small concrete surface pad and protective steel cover extends down to the top of the 
bentonite seal.  The riser extends to approximately three feet above ground surface to facilitate 
groundwater sampling.  The third piezometer (TGP-C) was constructed as a six-inch open-hole 
completion in bedrock with six-inch steel surface casing extending to 95 feet below ground surface.  The 
surface casing was grouted into bedrock using a cement bentonite grout to form a seal above the open-
hole interval.  A small concrete surface pad and flush-mount protective steel cover extend down to the top 
of the grouted casing seal.

Zahner & Associates, Inc. provided professional land survey of the three new piezometers. Surveyed 
piezometer coordinates and elevations are located on monitoring well construction logs in Attachment B.  

New piezometers were developed using surging and purging techniques.  A stainless steel bailer was 
lowered into each piezometer and used to surge and remove drilling sediment from the bottom of each 
installation.  A submersible electric pump with polyethylene tubing was lowered into each piezometer and
at least three well-bore volumes of groundwater were removed.  Development was deemed complete 
when at least three consecutive readings of field parameters (pH, turbidity, conductivity, and temperature) 
were within 10% of previous measurements. 

3.0 WATER LEVEL MONITORING
Following development, Golder installed electronic instruments in each piezometer for the purpose of 
periodic (daily) water level measurements.  An In-Situ Inc. Level Troll 500 device with vented cable was 
installed in each piezometer for this purpose.  The devices electronically measure water column 
pressures (piezometric head) and record the data in on-board dataloggers at the selected intervals.  The 
water level data was then retrieved from the surface using a readout device and downloaded to a 
computer for tabulation.  Golder manually measured water levels in each piezometer when the instrument 
data was retrieved.  A tabulated summary of daily water level data collected to date is provided in Table 1.  
Table 1 will be regularly updated during the monitoring period.  Figure 1 provides a groundwater 
potentiometric surface map showing the gradient and direction of groundwater flow using the surveyed 
piezometer coordinates and elevations and the most recent water level data.  Figure 1 shows that the 
groundwater flow direction observed in these three piezometers is from the southeast to the northwest, 
towards the Missouri River. 

4.0 GROUNDWATER SAMPLING AND ANALYTICAL RESULTS
After the piezometers equilibrated for a minimum one month period following development, groundwater 
samples were collected from each piezometer. Samples were collected after three well-bore volumes 
had again been purged from each piezometer using a submersible electric pump with dedicated
polyethylene tubing.  Field parameters including pH, conductivity, temperature, and turbidity were
measured and recorded during purging and sampling.  

After three well-bore volumes were removed and three consecutive sets of field parameter measurements 
were stabilized within 10% of previous measurements for conductivity and temperature and within 0.1 for 
pH, groundwater samples were collected and submitted to Test America - Chicago for total metals
analysis using USEPA Method 6010B, anions analysis using USEPA Method 9056, and mercury analysis 
using USEPA Method 7470A.  The samples were analyzed for boron, an indicator constituent for leachate 
from coal combustion products, and inorganic constituents that have regulatory standards for protection of 
drinking water supplies specified in Table A of 10 CSR 20-7.031.    

Groundwater sampled for analysis was collected into laboratory-supplied containers directly from the 
pump tubing discharge.  One duplicate groundwater sample was collected from one of the piezometers 
for quality assurance/quality control (QA/QC) purposes.  One equipment rinsate blank was collected from 
the submersible sampling pump using laboratory grade de-ionized water and analyzed at the laboratory.  
After collection in the field, groundwater samples were labeled with the sample identification number, 
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requested analysis, collection date, and sampler’s initials, and placed on ice in a cooler for shipment
under chain-of-custody protocol via overnight transport to the Test America – Chicago Laboratory.      

Analytical results for groundwater are summarized below and tabulated in Table 2.  Boron concentrations 
were below detection limits in all three samples, suggesting that groundwater at the three monitoring 
points is not affected by leachate from coal combustion products.  Other metal constituents and anions 
were detected; however, concentrations of the other constituents were lower than both the Missouri and 
federal drinking water standards.  It is not uncommon to detect low levels of inorganic constituents in 
uncontaminated groundwater samples because these elements are often naturally present in the soils 
and rocks that are in contact with the groundwater.  

Several analytical results are qualified with a B, J, or ^ data flags.  The B flag indicates that the 
constituent was detected in a laboratory blank, and therefore the analytical result may be biased high.  
Since all results were low and below drinking water standards, any such bias was minimal and does not 
significantly affect interpretation of the results.  The J flag indicates that the constituent was detected at a 
very low level, in a range where the precision of the laboratory instruments is low, and therefore the 
reported concentration is qualified as estimated.  Again, this does not adversely affect the interpretation 
because all results were lower than the drinking water standards.  The ^ flag indicates that the laboratory 
interference check was slightly above acceptance limits; however, all of the results for the affected 
constituents were non-detect, so there was no relevant bias affecting results.

5.0 CLOSING
Golder appreciates the opportunity to serve as your consultant on this project.  If you have any questions 
concerning this letter report or need additional information, please contact the undersigned at 636-724-
9191.  

Sincerely,

GOLDER ASSOCIATES INC. 

Michael Dreyer, E.I.T.  Mark N. Haddock, R.G., P.E.
Staff Engineer Senior Engineer

Associate

Mark R. Sandfort, P.E. 
Senior Consultant
Principal

Attachments:  
Table 1 – Record of Water Level Readings
Table 2 – Summary of Groundwater Analytical Results
Figure 1 – Groundwater Potentiometric Surface Map
Attachment A – Borehole Logs
Attachment B – Well Construction Logs
Attachment C – MDNR Well Registration Forms and Receipt Confirmation
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TABLE 1: RECORD OF WATER LEVEL READINGS
Ameren, Labadie MO Hydrogeology Study

Labadie, MO

Ground Surface Elevation 
(ft MSL)* NAVD 88

Top of Casing  Elevation
(ft MSL)* NAVD 88

3/17/2012 21.60 460.72 28.24 466.38 114.23 497.27

3/18/2012 21.31 461.01 28.00 466.62 114.10 497.40

3/19/2012 20.91 461.41 27.64 466.98 114.04 497.46

3/20/2012 20.77 461.55 27.35 467.27 113.89 497.61

3/21/2012 20.78 461.55 27.31 467.31 113.63 497.87

3/22/2012 20.77 461.55 27.29 467.33 113.63 497.87

3/23/2012 20.51 461.81 27.23 467.39 113.63 497.87

3/24/2012 20.08 462.24 27.04 467.58 113.34 498.16

3/25/2012 19.62 462.70 26.95 467.67 113.50 498.00

3/26/2012 19.14 463.18 26.83 467.79 113.66 497.84

3/27/2012 18.62 463.71 26.63 467.99 113.63 497.87

3/28/2012 18.33 463.99 26.42 468.20 113.41 498.09

3/29/2012 18.35 463.97 26.34 468.28 113.47 498.04

3/30/2012 18.29 464.03 26.19 468.44 113.18 498.32

3/31/2012 18.41 463.91 26.20 468.42 113.18 498.32

4/1/2012 18.31 464.01 26.14 468.48 113.33 498.17

4/2/2012 18.06 464.26 26.01 468.61 113.41 498.09

4/3/2012 18.13 464.19 26.07 468.56 113.67 497.83

4/4/2012 18.17 464.15 26.28 468.34 113.55 497.95

4/5/2012 18.10 464.22 26.02 468.60 113.48 498.03

4/6/2012 18.29 464.03 26.13 468.49 113.35 498.15

4/7/2012 18.40 463.92 26.14 468.48 113.42 498.08

4/8/2012 18.53 463.79 26.20 468.42 113.40 498.10

4/9/2012 18.58 463.74 26.12 468.50 113.45 498.05

4/10/2012 18.58 463.74 26.13 468.49 113.57 497.93

4/11/2012 18.71 463.62 26.27 468.35 113.56 497.94

4/12/2012 18.80 463.52 26.38 468.25 113.87 497.63

Notes:
* - Survey performed by Zahner & Associates, 3-5-12 and 3-6-12
BTOC - Below the Top of Casing (water level depth)
MSL - Elevation in feet above Mean Sea Level Prepared By: MWD Date: 4/19/2012

Checked By: ALD Date: 4/20/2012
Reviewed By: MNH Date: 5/8/2012

TGP-A TGP-B TGP-C

479.78 491.27 612.23

482.32 494.62 611.5

Date Water Level 
(ft BTOC)

Water
Elevation (ft 

MSL)

Water Level 
(ft BTOC)

Water
Elevation (ft 

MSL)

Water Level 
(ft BTOC)

Water
Elevation (ft 

MSL)

5/9/2012
Golder Associates
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APPENDIX B 

WELL CONSTRUCTION LOGS 





SITE NAME:
CLIENT:
GEOLOGIST:
DRILLER:
DRILLING COMPANY:

LOCATION:
SURFACE ELEVATION:

DRILLING METHODS:

NORTHING:
STATIC WATER LEVEL:

EASTING:
COMPLETION DATE:

GROUND SURFACE ELEVATION:

TOP OF CASING ELEVATION:

CONCRETE SEAL DEPTH (ft. bgs):

DIAMETER OF BOREHOLE (in.):

TOP OF BENTONITE SEAL DEPTH (ft. bgs):

TOP OF SAND PACK DEPTH (ft. bgs):

CENTRALIZER ( yes / no )  -  TYPE:

BOTTOM OF FILTER PACK (ft. bgs):

DIAMETER OF RISER PIPE (in.):

TOP OF SCREEN DEPTH (ft. bgs):

BOTTOM OF SCREEN DEPTH (ft. bgs):

BOTTOM OF WELL DEPTH (ft. bgs):

TYPE AND AMOUNT OF BACKFILL:

TYPE AND AMOUNT OF ANNULAR SEAL:

TYPE AND AMOUNT OF BENTONITE SEAL:

TYPE OF SCREEN:

SCREEN SLOT SIZE (in.):

SIZE OF SAND PACK:

AMOUNT OF SAND:

TOTAL DEPTH
OF BOREHOLE:

ADDITIONAL NOTES:

PREPARED BY:

PROJECT NUMBER:PROJECT NAME:

DATE CHECKED:
CHECKED BY:

CAP

PROTECTIVE CASING (yes / no):

WEEP HOLE
PEA GRAVEL OR SAND

STICK UP:

LOCK

AMEREN LABADIE WELLS 123-84274
AMEREN, LABADIE MO TGP-A

AMEREN MO 479.78 FT
M. DREYER

21.55 FT BTOC 3-1-2012
ROBERTS ENVIRONMENTAL 6 1

4" HSA/ 6" AIR ROTARY

988186.35 724460.71
C. HEBEL

482.32 FT

YES, AND 3 STEEL BOLLARDS

479.78 FT

2.54 FT

2 IN.
6 IN

2.0 FT

HIGH SOLIDS CEMENT
BENTONITE GROUT

67.0 FT

COATED 1
2" CHIPS

70.4 FT BGS

104 FT

NO

74 FT

2" X 10' SCHEDULE 80 PVC

0.010 IN.

WG1 UNIMIN FILTERSIL QUARTZ

7x 50 LB BAGS

103.6 FT

103.85 FT

103.85 FT
0.15 FT BROKEN ROCK DEBRIS

M. DREYER3-16-2012
P. JOPLIN

       CENTRALIZER WAS NOT INSTALLED DUE TO CAVING FORMATION AND INABILITY TO GET RISER WITH
CENTERALIZER TO DEPTH.







SITE NAME:
CLIENT:
GEOLOGIST:
DRILLER:
DRILLING COMPANY:

LOCATION:
SURFACE ELEVATION:

DRILLING METHODS:

NORTHING:
STATIC WATER LEVEL:

EASTING:
COMPLETION DATE:

GROUND SURFACE ELEVATION:

TOP OF CASING ELEVATION:

CONCRETE SEAL DEPTH (ft. bgs):

DIAMETER OF BOREHOLE (in.):

TOP OF BENTONITE SEAL DEPTH (ft. bgs):

TOP OF SAND PACK DEPTH (ft. bgs):

CENTRALIZER ( yes / no )  -  TYPE:

BOTTOM OF FILTER PACK (ft. bgs):

DIAMETER OF RISER PIPE (in.):

TOP OF SCREEN DEPTH (ft. bgs):

BOTTOM OF SCREEN DEPTH (ft. bgs):

BOTTOM OF WELL DEPTH (ft. bgs):

TYPE AND AMOUNT OF BACKFILL:

TYPE AND AMOUNT OF ANNULAR SEAL:

TYPE AND AMOUNT OF BENTONITE SEAL:

TYPE OF SCREEN:

SCREEN SLOT SIZE (in.):

SIZE OF SAND PACK:

AMOUNT OF SAND:

TOTAL DEPTH
OF BOREHOLE:

ADDITIONAL NOTES:

PREPARED BY:

PROJECT NUMBER:PROJECT NAME:

DATE CHECKED:
CHECKED BY:

CAP

PROTECTIVE CASING (yes / no):

WEEP HOLE
PEA GRAVEL OR SAND

STICK UP:

LOCK

AMEREN LABADIE WELLS 123-84274
AMEREN, LABADIE MO TGP-B

AMEREN MO 491.27 FT
M. DREYER

28.00 FT BTOC 2-20-2012
ROBERTS ENVIRONMENTAL

985894.54 720699.99
C. HEBEL

494.62 FT

STEEL W/ 3 BOLLARDS

491.27 FT

3.35 FT

2 IN.
6 IN

2.0 FT

N/A

1.0 FT

4 BAGS, COATED 12" CHIPS

17.0 FT BGS

130.0 FT

SS (TOP/MIDDLE/BOTTOM OF SCREEN)

20.0 FT BGS

2" X 10' SCHEDULE 80 PVC

0.010 IN.

WG1 UNIMIN FILTERSIL QUARTZ

30x 50 LB BAGS

129.7 FT

130.0 FT

130.0 FT
N/A

M. DREYER3-16-2012
P. JOPLIN



6" AIR ROTARY





SITE NAME:
CLIENT:
GEOLOGIST:
DRILLER:
DRILLING COMPANY:

LOCATION:
SURFACE ELEVATION:

DRILLING METHODS:

NORTHING:
STATIC WATER LEVEL:

EASTING:
COMPLETION DATE:

GROUND SURFACE ELEVATION:

TOP OF CASING ELEVATION:

CONCRETE SEAL DEPTH (ft. bgs):

DIAMETER OF BOREHOLE (in.):

CASING  -  TYPE:

DIAMETER OF RISER PIPE (in.):

TOP OF SCREEN DEPTH (ft. bgs):

BOTTOM OF SCREEN DEPTH (ft. bgs):

BOTTOM OF WELL DEPTH (ft. bgs):

TYPE AND AMOUNT OF ANNULAR SEAL:

TYPE OF SCREEN:

TOTAL DEPTH
OF BOREHOLE:

ADDITIONAL NOTES:

PREPARED BY:

PROJECT NUMBER:PROJECT NAME:

STEEL FLUSH MOUNT WELL PROTECTER

LOCKING CAP:  (YES / NO)



AMEREN, LABADIE MO
AMEREN MO

M. DREYER
C. HEBEL

ROBERTS ENVIRONMENTAL

AMEREN LABADIE PIEZOMETERS

983559.9 725352.32
115.4 FT BGS C. HEBEL

ROBERTS ENVIRONMENTAL

123-84274
TGP-C

612.23 FT

612.23 FT

611.50 FT

6 IN.
10 IN. (0' - 95' BGS) 6 IN. (95' - 240' BGS)

2.0 FT

CEMENT BENTONITE GROUT

6" OPEN BOREHOLE

95 FT BGS

6" OPEN BOREHOLE FROM 95 TO 240 FT BGS

  240 FT

240 FT

240 FT

GROUT THICKNESS: 94 FT

        INSTALLED AS 6" OPEN BOREHOLE FROM 95' TO 240' BGS.

M. DREYERDATE CHECKED:
CHECKED BY:

3-16-2012
P. JOPLIN



APPENDIX C 

MDNR WELL REGISTRATION FORMS AND RECEIPT 
CONFIRMATION


















