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1 Purpose 
 
The purpose of this report is summarize the water quality monitoring for the Chicago 
Area Confined Disposal Facility (CDF) during Water Year 2016, which covers the time 
interval from October 1, 2015 through September 30, 2016.  Water quality monitoring is 
conducted in the vicinity of the CDF in order to determine whether the facility might be 
causing adverse impacts to the surrounding water quality in Calumet Harbor and the 
Calumet River.  No dredging operations were conducted during Water Year 2016, but 
samples were collected during a routine water quality monitoring event that was 
performed on September 15, 2016.  During routine water monitoring events, the U.S. 
Army Corps of Engineers (USACE), Chicago District collects water samples from five 
(5) different sampling environments within the vicinity of the CDF.  Briefly, these 
sampling environments include background locations in Calumet Harbor, locations 
along the exterior side of the CDF dike (near-dike locations), locations in the Calumet 
River, locations in the CDF pond, and groundwater well locations.  The groundwater 
wells are located on the land along the western side of the CDF.  This report 
summarizes the sampling and testing procedures, analytical test results from the 
laboratory, and the quality control data. 
 
2 Background 
 
The Chicago Area CDF was constructed for the disposal and containment of 
contaminated dredged material from the maintenance of deep-draft Federal navigation 
projects in Chicago, Illinois.  The facility is maintained and operated by the Chicago 
District under authority of the River and Harbor Act of 1970 (Public Law 91-611, Section 
123).  The Chicago District built the facility between 1982 and 1984, and it is located 
west of Calumet Harbor, south of the entrance channel to the Calumet River, and east 
of the Illinois International Port District’s (IIPD’s) Iroquois Landing property.  The CDF is 
an in-water diked facility that covers an area of roughly 43 acres.  The facility is in a 
triangular shape with dikes along the northern and eastern sides and the Iroquois 
Landing property along the western side.  The facility was originally estimated to have a 
nominal storage capacity for contaminated sediment of about 1.3 million cubic yards 
(CY) and a total storage capacity of around 1.6 million CY.  Additional storage capacity 
was set aside for future cover layer and closure improvements, which were originally 
estimated to require up to 0.3 million CY. 
 
Table 1 below provides a historical summary of the eighteen (18) dredging and 
placement events that have occurred at the CDF since initial construction.  This table 
includes the volume of dredged material placed into the facility during each event.  At 
the bottom of the table, it shows that the cumulative volume of dredged material placed 
into the CDF is approximately 1.55 million CY, which is significantly greater than the 
original estimate for the nominal storage capacity of about 1.3 million CY.  The 
discrepancy between the original estimate and cumulative volume in Table 1 may 
partially be attributed to the consolidation and settlement of the dredged material.  In 
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addition, there has likely been settlement of the subsurface beneath the dredged 
material.  Another reason for the discrepancy may be that the original estimate was 
computed based on an average depth approximated from a bathymetric survey 
performed prior to CDF construction. 
 
Although the volume of dredged material placed into the CDF is nearing the estimated 
storage capacity, a survey of the CDF conducted in 2016 indicates there is still sufficient 
volume remaining for the cover layer and closure improvements.  However, since the 
remaining volume is limited, a dredged material management plan (DMMP) is under 
development and the Chicago District is in the process of investigating and evaluating 
potential alternatives for the future placement of the dredged material. 
 
Table 1:  Historical Dredging and Placement Events for Chicago Area CDF 

Event 
No. 

Year of Placement 
Operation 

Volume of 
Dredged 
Material 

[yd3] 

Location of 
Dredging Event 

Location of Re-
handling 

1 Oct. – Dec. 1984  100,000 River  NW corner of CDF  
2 Jul. – Sep. 1985  108,000 River  NE corner of CDF  

3 May – Jun. 1986  62,000 
*Chicago Harbor & 
Calumet River  N dike of CDF  

4 Apr. – Jun. 1989  70,100 River  NE of cross-dike in CDF  
5 May 1991 3,100 River  CDF  
6 Dec. 1994 62,000 River  NE corner of CDF  

7 Aug. 2000 – Apr. 2001  205,500 
River & Harbor 
Breakwater  N dike of CDF  

8 Sep. – Dec. 2001  291,000 Harbor & River  E dike wall  
9 Sep. – Dec. 2003  135,000 River  E dike wall  

10 Sep. – Dec. 2007  131,020 Harbor  E dike wall  
11 Apr. 2008 186 River  CDF  
12 Jun. 2009 600 River  CDF  
13 Oct. – Dec. 2009  167,404 Harbor  E dike wall  
14 Jun. – Jul. 2011  1,370 Harbor  E dike wall  
15 Sep. – Oct. 2011  56,086 River  E dike wall  
16 Nov. 2012 - Jul. 2013 57,160 Harbor & River  E dike wall  

17 Oct. 2014 - Jan. 2015 26,440 Harbor  N dike wall 
46,883 River  E dike wall  

18 Apr. 2015 - May 2015 25,260 Harbor  E dike wall  
  Total Dredged  1,549,109     
*All Calumet except the 1986 dredging event included Chicago Harbor. 
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3 Sampling and Analytical Procedures 
 
3.1 Water Quality Monitoring 
 
Whenever dredged material is placed into the CDF, the volume of water within the 
facility is reduced approximately in proportion to the incoming sediment volume by 
pumping water from the settling basin.  After the water is pumped from the settling 
basin, it passes through a filter cell, and the filter cell effluent is discharged to the 
Calumet River.  In accordance with Section 401 of the Clean Water Act (CWA), water 
quality certification from the State of Illinois is required to discharge water from the CDF 
to the Calumet River.  As a consequence, the Chicago District coordinates with the 
Illinois Environmental Protection Agency (EPA) to acquire water quality certification and 
ensure compliance with the CWA.  In May of 1992, the Illinois EPA issued the Chicago 
District water quality certification for the continued operation of the CDF. 
 
In addition to the water quality certification that was issued to the Chicago District for the 
continued operation of the CDF, the operation of the facility is regulated under an Illinois 
EPA water pollution control permit.  Historically, this Illinois EPA permit has been 
granted for five (5)-year time intervals, and the permit has included a number of Special 
Conditions.  The most recent Illinois EPA permit (No. 2016-EO-60898) was issued to 
the Chicago District on June 7, 2016, and it is not set to expire until May 31, 2021 
(Appendix A).  Special Condition 2 of this permit explains that water quality monitoring is 
to be conducted in accordance with the Corps of Engineers report entitled “Proposed 
Water Quality Monitoring at the Chicago Area Confined Disposal Facility, Calumet 
Harbor, Illinois,” January 2011 and as modified by Tables 1, 2, and 3 of this Special 
Condition.  In accordance with Section 4 of the report cited above, Special Condition 2 
(iv) of the Illinois EPA permit requires the Chicago District to routinely monitor for all the 
parameters in Table 2 below at least once during each calendar year when no dredging 
occurs, and the monitoring is to include at least one of the groundwater wells, CH-18-81 
or CH-19-81. 
 
Table 2:  Routine Monitoring for Non-Dredging Years 

Parameters 
Required Reporting Limit, 

mg/L unless otherwise 
noted 

Chromium (Total) 0.005 
Manganese 0.005 
Zinc (Total) 0.005 
Ammonia as Nitrogen  0.01 
Total Kjeldahl Nitrogen (TKN) 0.2 
(Total) Phosphorus 0.005 
Total Suspended Solids (TSS) 1.0 
Total Dissolved Solids (TDS) 1.0 
Temperature ± 0.1 degree Celsius 
pH ± 0.01 unit 
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3.2 Sample Locations for Routine Monitoring Events 
 
Water samples for routine water quality monitoring events are collected from locations 
within five (5) distinctly different sampling environments in the vicinity of the CDF.  
These different sampling environments are shown in Figure 1 and described below.  
The individual sample identification numbers are included within the parentheses. 
 

(a) Background – Three (3) background samples are collected from Lake Michigan 
approximately 1,000 feet away from the CDF dike (BACK-001, BACK-002, and 
BACK-003). 

(b) Near-Dike – Three (3) composite samples are collected in Calumet Harbor near the 
exterior edge of the CDF dike (ND-COMP-001, ND-COMP-002, and ND-COMP-
003).  Each of the composite samples is formed by collecting an equal volume of 
water (aliquots) from three (3) locations in Calumet Harbor along the exterior of the 
CDF dike.  These volumes are then combined together to form the composite 
sample.  (e.g., ND-COMP-001 is formed by collecting and then combining 
individual and equal volumes of water from ND-001, ND-002, and ND-003). 

(c) Calumet River – Three (3) samples are collected from the Calumet River; 
upstream, adjacent to, and downstream of the filter cell effluent discharge point 
(RIV-001, RIV-002, and RIV-003). 

(d) CDF Pond – Three (3) samples of surface water are collected from the CDF pond 
(settling basin) (CDF-001, CDF-002, and CDF-003). 

(e) Groundwater Wells – A minimum of one (1) sample is collected from the two (2) 
groundwater wells adjacent to Iroquois Landing (CH-18-81 and CH-19-81). 

 
Background samples are collected approximately 1,000 feet away from the CDF, which 
is a distance far enough from the facility to presume the parameter concentrations 
represent baseline levels in Calumet Harbor.  The near-dike samples are composite 
samples that are collected from different locations in Calumet Harbor near the exterior 
edge of the CDF dike.  Each near-dike sample is created by collecting three (3) sub-
samples (aliquots) from different locations along the exterior edge of the CDF dike, and 
then these sub-samples are composited (combined together) to form the sample. 
 
The Calumet River samples are collected from locations upstream, adjacent to, and 
downstream of the filter cell discharge point, and these same locations are sampled for 
routine monitoring as well as for the monitoring conducted during dredging and 
placement operations.  Filter cell effluent is only discharged to the Calumet River during 
dredging and placement events (i.e., when dredged material is placed into the CDF).  
Since no dredging or placement occurs during routine monitoring, there is no discharge 
of filter cell effluent to the Calumet River, and the Calumet River samples collected 
during routine monitoring essentially represent baseline conditions. 
 
Sampling the same Calumet River locations for both routine monitoring and for the 
monitoring conducted during dredging and placement events reduces the potential for 
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variations that could arise if different sample locations were used for these different 
monitoring events.  Sampling the same locations for the different events also helps to 
ensure that the data are consistent and comparable for evaluating whether the 
discharge of the filter cell effluent during dredging and placement events might be 
causing adverse impacts to the water quality of the Calumet River. 
 
If the parameter concentrations at the near-dike locations are significantly higher than 
the respective concentrations at the background locations, it could be an indication that 
the CDF may be adversely impacting the surrounding water quality in Calumet Harbor 
and the Calumet River.  However, it is important to recognize that the sample locations 
for the near-dike and Calumet River environments are both located closer to the 
shoreline than most of the sample locations for the background environment, and, in 
general, the average parameter concentrations for these shoreline environments have 
historically been approximately the same or slightly higher than the respective 
concentrations for the background environment.  Consequently, the historical range for 
the parameter concentrations and other potential reasons for variability need to be 
taken into consideration when comparing the concentrations at shoreline and 
background environments. 
 
One potential reason for the parameter concentrations to be slightly higher on average 
within shoreline environments is because of the more intense interactions that occur 
between the water and the rocks and sediment that comprise the shoreline.  The 
intensity of these interactions increases in shallow, shoreline environments because the 
water is typically more turbulent and these environments are more susceptible to the 
effects from wind, waves, currents, erosion, stormwater runoff, etc.  Shoreline 
environments are also frequently associated with higher turbidity, increased suspended 
and dissolved solids, and more abundant vegetation and biological activity.  In addition, 
as the weather becomes cooler in the fall, some of the vegetation (algae) dies, and the 
decomposition of the vegetation can produce a moderate rise in nutrient concentrations 
(nitrogen and phosphorus) near the shoreline.  Since two (2) of the background samples 
are collected from locations in Calumet Harbor that are roughly 1,000 feet away from 
the shoreline, where the water is generally deeper and less turbulent, the parameter 
levels at the background locations should be expected to be slightly lower on average 
than at the locations along the shoreline. 
 
Another reason samples collected from the near-dike and Calumet River locations may 
have concentrations that are slightly higher on average in comparison to the 
background locations is because these shoreline locations are influenced by Lake 
Michigan water levels and the direction and velocity of flow through the Calumet River.  
The Thomas J. O’Brien Lock and Controlling Works was constructed in 1960 to control 
the water level in the Calumet-Sag Channel (below the dam) and reverse the flow of 
water to Lake Michigan (above the dam) (Illinois Department of Natural Resources 
(DNR) 2011).  The Calumet River, which extends approximately eight (8) miles from 
upstream of the Thomas J. O’Brien Lock and Controlling Works to Calumet Harbor, 
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predominantly flows into Lake Michigan, and this portion of the Calumet River is 
considered to be a tributary. 
 
Compared to the sediment and water quality in Calumet Harbor, the sediment and water 
quality in the Calumet River is generally lower, and this primarily because of the 
numerous historical as well as current heavy industrial sites and their activities along the 
Calumet River.  The Calumet River water quality is impacted by the sediment 
contamination, stormwater runoff, combined sewer overflows, and wastewater treatment 
plant and other point and non-point discharges.  Water samples collected at the near-
dike and Calumet River locations, particularly near the mouth of the Calumet River, 
therefore tend to have parameter concentrations that are slightly higher on average in 
comparison to the background locations. 
 
The CDF pond locations are similar to the samples collected from the shoreline 
environments because these locations are affected by the intense water and sediment 
(dredged material) interactions that often occur in shoreline environments.  As noted 
before, the water in these environments is typically more turbulent and these 
environments are more susceptible to the effects from wind, waves, currents, erosion, 
stormwater runoff, biological activity, etc.  The precipitation that falls on and/or drains 
into the CDF pond may help to dilute the parameter concentrations, but there is also 
considerable evaporation during the summer months.  Furthermore, the concentrations 
at the CDF pond locations should be expected to be higher than at the other shoreline 
environments (near-dike and Calumet River locations) because the water in the pond is 
partially comprised of the water that was originally associated with the placement of the 
wet dredged material.  The sediment particles are gradually dewatered, and the material 
dries and consolidates over time following placement.  The water that drains into the 
CDF pond typically has elevated parameter concentrations, and, historically, the 
average parameter concentrations at the CDF pond locations have been higher than at 
the background, near-dike, and Calumet River locations. 
 
The CDF pond locations are also unlike the surface waters outside the facility, in 
Calumet Harbor and the Calumet River, because the CDF pond environment is 
relatively shallow, contains substantially less water, and has abundant vegetation 
growing along the shoreline.  In comparison to the other sampling environments, 
besides the groundwater well locations, the CDF pond water is generally warmer during 
the summer months and contains elevated concentrations of ammonia, phosphorus, 
and dissolved and suspended solids. 
 
Past results from the groundwater well locations reveal that the quality of the 
groundwater in the Iroquois Landing area is poor.  The poor groundwater quality is 
evidently related to the site history, because the Iroquois Landing site was formerly 
occupied by a large iron and steel plant.  One of the by-products from iron and steel 
manufacturing is commonly known as slag, and slag was frequently used as fill material 
in the vicinity of iron and steel plants.  A geotechnical investigation of the land west of 
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the CDF was performed prior to the initial construction of the facility, and soil borings 
conducted during this investigation revealed that the soil on Iroquois Landing was 
largely composed of fill material containing municipal and industrial wastes intermixed 
with silt, sand, and clay (USACE 1982).  The industrial and municipal waste materials 
identified during the geotechnical investigation included slag, cinders, ash, and foundry 
sand from iron and steel manufacturing, as well as coal, wood, iron, and miscellaneous 
trash. 
 
Due to the presence of the municipal and industrial waste materials in the subsurface in 
the vicinity of the groundwater wells, it is not surprising that samples from the 
groundwater well locations usually have parameter concentrations that are much higher 
than the respective concentrations at the other sample locations.  This is frequently the 
case for all of the target parameters, not including temperature.  The weathering of 
calcium silicates in the slag fill material has been determined to be the main cause for 
raising the pH of the groundwater in the region (Roadcap et al. 2005), and the pH 
values at the groundwater well locations have historically been extremely high in 
comparison to the pH values of samples from the CDF pond and other sample 
locations. 
 
The geotechnical investigation mentioned above also included groundwater flow testing 
near Iroquois Landing, and the test results indicated that the groundwater tends to flow 
in an eastward direction, from Iroquois Landing towards the CDF and Lake Michigan.  
This eastward flow suggests that the CDF is unlikely to be responsible for the poor 
groundwater quality to the west of the facility, along Iroquois Landing.  In addition, as 
discussed above, the pH values and parameter concentrations measured at the 
groundwater locations are elevated in comparison to the CDF pond water, and these 
results further indicate that the principal cause for the poor groundwater quality is likely 
the municipal and industrial waste materials within the subsurface in the vicinity of the 
groundwater wells; not the CDF pond and/or the dredged material in the CDF. 
 
3.3 Laboratory Analyses for Water Quality Samples 
 
The target parameters for the routine event and corresponding required reporting limits 
were summarized earlier in Table 2.  These parameters were selected based upon 
historical results and to provide a standardized and informative set of data.  Following 
sample collection, the sample bottles were shipped to the laboratory, Pace Analytical 
Laboratories (Pace), Grand Rapids, Michigan for analysis.  The report from the 
laboratory contains the test methods, analytical data, and results from quality control 
testing.  This laboratory report has been included as Appendix B.  Incidentally, TriMatrix 
Laboratories was recently purchased by Pace, so there are some forms in the 
laboratory report, such as the chain-of-custody and receiving logs, which still refer to 
TriMatrix Laboratories.  The Standard Operating Procedure (SOP) for routine water 
quality monitoring at the CDF describes the procedures used to collect the samples, 
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and this SOP has been included as Appendix C.  The field log with the pH and 
temperature measurements is provided in Appendix D. 
 
4 Routine Water Quality Monitoring 
 
4.1 Water Quality Data 
 
Table 3 below provides a summary of the analytical results from the laboratory report 
(Appendix B).  This table shows the concentrations of the target parameters in mg/L, the 
pH values measured in the field as well as in the laboratory, and the field temperature in 
degrees Celsius at the sample locations.  The parameter results listed in normal type 
and reported as “<” (less than the reporting limit) were not detected, and the parameter 
results in bold type are the concentrations that were detected by the laboratory (i.e., 
concentrations equal to or above the reporting limit). 
 
Table 3:  Chicago Area CDF Analytical Water Quality Results 

  Chromium Manganese Zinc TKN Ammonia Phosphorus TDS TSS 
Lab 
pH 

Field 
pH Temp 

Sample 
Location [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]     

Degrees 
Celsius 

BACK-001 <0.0050 <0.0050 <0.0050 <0.20 0.018 0.0069 190 1.5 7.9 8.06 21.6 

BACK-002 <0.0050 <0.0050 <0.0050 <0.20 0.015 0.0070 190 <1.1 8.2 8.20 21.8 

BACK-003 <0.0050 <0.0050 <0.0050 <0.20 0.018 0.0080 206 1.2 8.2 7.81 21.1 

ND-Comp-001 <0.0050 <0.0050 <0.0050 <0.20 0.023 0.0086 194 1.2 8.2 8.26 21.5 

ND-Comp-002 <0.0050 <0.0050 0.0056 <0.20 0.011 0.0086 234 1.8 8.2 8.18 21.3 

ND-Comp-003 <0.0050 <0.0050 <0.0050 <0.20 0.033 0.0084 188 1.6 8.2 8.00 21.1 

RIV-001 <0.0050 0.0061 <0.0050 <0.20 0.030 0.0074 202 2.5 8.2 8.25 21.8 

RIV-002 <0.0050 <0.0050 <0.0050 <0.20 0.028 0.0079 222 1.2 8.2 7.95 21.6 

RIV-003 <0.0050 <0.0050 <0.0050 <0.20 0.030 0.0074 194 1.5 8.2 8.28 21.9 

CDF-001 <0.0050 0.065 0.0055 0.28 0.075 0.0339 444 7.3 8.0 7.14 24.4 

CDF-002 <0.0050 0.058 <0.0050 0.29 0.064 0.0192 432 5.2 8.0 7.19 24.1 

CDF-003 <0.0050 0.056 0.0063 0.29 0.078 0.0184 440 8.0 8.0 7.21 24.3 

CH-18-81 <0.0050 0.140 0.0170 3.0 2.6 0.0191 1900 6.9 10.9 11.27 17.9 

CH-19-81 <0.0050 0.028 0.0060 3.4 2.2 0.1036 558 21.5 11.1 11.30 15.9 
   Notes:  TKN = Total Kjeldahl Nitrogen, TDS = Total Dissolved Solids, TSS = Total Suspended Solids; 
Samples collected on 15 September 2016; “<” = less than the reporting limit 
 
The analytical results for the target parameters shown in Table 3 are depicted by bar 
graphs in Figures 2 through 10.  However, no figures are shown for the laboratory pH 
measurements or the chromium results.  The reason a bar graph of the laboratory’s pH 
measurements was not included is because standard pH test methods recommend that 
these analyses be performed shortly after, or as soon as possible, following sample 
collection.  Field pH measurements were therefore presumed to be more accurate and 
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representative, and these values are shown graphically in Figure 9.  The laboratory’s pH 
measurements are only included in Table 3 for supplemental information. 
 
The reason a bar graph of the chromium results was not shown is because all the 
sample concentrations were less than the reporting limit of 0.005 mg/L (not detected).  
Consequently, a bar graph of the chromium results would not be useful since the results 
would be the same for all the locations.  Table 3 and the bar graphs further show that 
Total Kjeldahl Nitrogen (TKN) concentrations were less than the reporting limit for all the 
samples from the background, near-dike, and Calumet River locations, and, for these 
same locations, it can be observed that zinc was only detected in one of the samples 
from the near-dike locations, and manganese was only detected in one of the samples 
from the Calumet River locations. 
 
Samples with parameter concentrations less than the reporting limit (RL) (non-detects) 
are not shown in the bar graph figures, but a line showing the RLs listed in Table 3 was 
provided for the bar graphs where one or more of the samples had parameter 
concentrations less than the reporting limits.  Laboratories typically define the reporting 
limit as the minimum concentration that can be reliably measured within the laboratory’s 
specified quality control (QC) limits for precision and accuracy.  This means that when a 
test result is measured to be less than the reporting limit, the actual concentration could 
range anywhere from slightly below the reporting limit to zero.  When analyzing the 
data, it is therefore a conservative approach to utilize the reporting limit as the estimated 
concentration for sample results less than the reporting limit, because the reporting limit 
represents the highest concentration and worst-case conditions. 
 
The potential for stormwater runoff to adversely impact the water quality in the shoreline 
environments was investigated by reviewing rain gauge measurements on days prior to 
the routine water quality monitoring event, which took place on Thursday, 15 September 
2016.  Rain gauge history is reported on the Metropolitan Water Reclamation District of 
Greater Chicago (MWRDGC) web page.  The MWRDGC has a rain gauge at the 
Calumet Water Reclamation Plant (WRP), which is located roughly 6 miles southwest of 
the CDF.  The rain gauge data show a small rain event occurred on the day prior to the 
routine monitoring event, Wednesday, 14 September 2016, when the Calumet WRP 
rain gauge measured 0.02 inches of precipitation.  A much larger rain event occurred 
one week prior to the routine monitoring event, on Thursday 8 September 2016, where 
the rain gauge at the Calumet WRP reported 0.73 inches of precipitation.  Due to these 
rain events, it is possible that stormwater runoff contributed to an increase of parameter 
concentrations near the shoreline.  For example, nitrogen and phosphorus are primary 
ingredients in lawn fertilizers, so stormwater runoff of lawn fertilizer could potentially 
raise the concentrations of these parameters near the shoreline. 
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4.1.1 pH and Temperature 
 
Table 4 summarizes the pH and temperature measurements in the field log (Appendix 
D), and these measurements are shown graphically in Figures 9 and 10, respectively.  
The pH values measured in the field ranged from a low of 7.14 at a CDF pond location 
to a high of 11.30 at groundwater well CH-19-81.  Note that the pH values at both 
groundwater well locations were substantially higher than the values measured at the 
other locations.  The elevated pH values at the groundwater locations are consistent 
with the historical results and the geotechnical investigation that identified waste 
materials buried within the subsurface in the vicinity of the groundwater wells.  Since the 
groundwater flow testing during the geotechnical investigation indicated that the 
groundwater tends to flow eastward, and the quality of the groundwater is generally 
lower and quite different from the CDF pond water, the CDF is unlikely to be the 
principal cause for the poor groundwater quality west of the facility. 
 
It can be observed from Table 4 and Figure 10 that the water temperature readings 
ranged from a low of 15.9°C (60.6°F) at groundwater well location CH-19-81 to a high of 
24.4°C (75.9°F) at one of the CDF pond locations.  During the summer months, the 
groundwater is insulated from the high temperatures that exist near the surface, so the 
temperature readings at the groundwater locations are cooler than at the surface water 
locations.  The CDF pond is directly impacted by the sun’s radiation and the high 
temperatures that exist near the surface during the summer months, and, because the 
CDF pond is relatively shallow and contains a small amount of water in comparison to 
Calumet Harbor or the Calumet River, the temperature readings at the CDF pond 
locations are typically warmer than at the other locations during the summer. 
 
Table 4:  Field pH and Temperature 

Parameter Field pH Field pH Temperature (ºC) Temperature (ºC) 

 Minimum Maximum Minimum Maximum 
Background 7.81 8.20 21.1 21.8 
Near-dike 8.00 8.26 21.1 21.5 
River 7.95 8.28 21.6 21.9 

CDF 7.14 7.21 24.1 24.4 
Landing wells 11.27 11.30 15.9 17.9 
Notes:  Samples collected on 15 September 2016 
See field log in Appendix E for additional details. 
Field measurements of pH and temperature were made using a Thermo Scientific Orion Star A121 
Portable pH meter. 
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4.1.2 Metals 
 
The chromium (Cr) concentrations in all the samples were less than the laboratory’s 
detection limit of 0.005 mg/L.  A bar graph of the Cr results was not included because 
the results are the same for all the locations.  Since Cr was not detected, there is no 
further discussion of the Cr results. 
 
The results for manganese (Mn) and zinc (Zn) are shown in Figures 2 and 3, 
respectively.  These figures show that the sample collected from groundwater well CH-
18-81 contained the highest concentrations for both Mn (0.14 mg/L) and Zn (0.017 
mg/L), and these concentrations were significantly higher than the concentrations in the 
CDF pond and other locations.  These data are consistent with the historical results and 
the geotechnical investigation that identified waste materials buried within the 
subsurface in the vicinity of the groundwater wells.  Also, since groundwater flow testing 
indicates the groundwater tends to flow eastward, the CDF is unlikely to be causing 
adverse impacts to the groundwater quality west of the facility. 
 
Figure 2 shows that Mn was not detected at the background or near-dike locations, but 
it was detected at a Calumet River location at a concentration of 0.0061 mg/L, which is 
slightly over the reporting limit of 0.005 mg/L.  It is important to recognize that the 
detection of Mn at a Calumet River location represents baseline conditions, because 
there is no discharge of CDF effluent to the Calumet River during routine monitoring.  
This detection of Mn is therefore probably associated with the shoreline effects, such as 
stormwater runoff, and/or an indication of the lower quality of the sediment and water in 
the Calumet River. 
 
Mn was detected at all the CDF pond locations at concentrations ranging from 0.056 to 
0.065 mg/L.  These concentrations at the CDF pond locations were much higher than 
the concentration at the Calumet River location (0.0061 mg/L), but elevated 
concentrations at the CDF pond locations were anticipated based on the historical 
results and the reasons mentioned earlier.  In particular, the CDF pond water partially 
contains the water originally associated with the wet dredged material, and the CDF 
pond is shallow and susceptible to effects from the wind, waves, currents, erosion, 
stormwater runoff, biological activity, etc. 
 
Similar to Mn, Figure 3 shows that Zn was not detected at any of the background 
locations.  Zn was also not detected at any of the Calumet River locations, but it was 
detected at a near-dike location at a concentration of 0.0056 mg/L which is slightly 
above the reporting limit of 0.005 mg/L.  In addition, Zn was detected at two (2) of the 
CDF pond locations at comparable concentrations of 0.0055 and 0.0063 mg/L.  Similar 
to Mn, the detection of Zn at the CDF pond locations was anticipated because of the 
historical results and reasons discussed above, but, unlike Mn, Zn was not detected at 
one of the locations in the CDF pond and the concentrations that were detected were 
close to the reporting limit. 
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Since no metals were detected at any of the background locations and Zn was detected 
at a near-dike location, these different results could potentially imply seepage through 
the CDF dike.  However, it is important to recognize that the Zn concentrations at the 
CDF pond locations were considerably lower than the Mn concentrations, yet no Mn 
concentrations were detected at any of the near-dike locations.  It is therefore evident 
that the detection of a low concentration of Zn at one of the near-dike locations is 
unlikely to be from seepage through the CDF dike.  Similar to the detection of Mn at one 
of the Calumet River locations, the detection of Zn at one of the near-dike locations is 
most likely associated with the shoreline effects mentioned above, such as stormwater 
runoff.  Historically, Zn has frequently been detected at similarly low concentrations in 
the background, near-dike, Calumet River, and CDF pond environments. 
 
In general, the parameter concentrations at the near-dike and Calumet River locations 
tend to be slightly higher on average than the respective concentrations at the 
background locations, and, as discussed earlier, this is most likely due to stormwater 
runoff and/or other shoreline effects.  If parameter concentrations are therefore detected 
at one or more of the near-dike locations that are not detected or are detected at lower 
concentrations at one or more of the background locations, these results should not 
necessarily imply that seepage through the CDF dike is causing adverse impacts to the 
surrounding water quality.  Although seepage through the CDF dike is a possibility, and 
the monitoring is conducted in order to investigate this possibility, it should be 
understood that it is common for parameter concentrations to be slightly higher at 
shoreline locations than at background locations.  If there are parameter concentrations 
that are slightly higher at the near-dike locations than at the background locations, they 
should also be evaluated to determine whether the concentrations are consistent with 
the historical range of concentrations for that environment and with seasonal variations.  
Furthermore, if water were to seep through the CDF dike into the near-dike 
environment, the parameters detected at the near-dike and CDF pond environments 
would be expected to be similar. 
 
For the current routine monitoring event, a low concentration of Zn was detected at one 
of the near-dike locations and no metals were detected at the background locations.  
However, since higher concentrations of Mn were detected at all the CDF pond 
locations and no Mn was detected at the near-dike locations, it is unlikely for the low Zn 
concentration to be from seepage through the CDF dike.  To the contrary, the low Zn 
concentration of Zn is probably related to stormwater runoff or other shoreline effects, 
and the CDF appears to be performing as intended. 
 
4.1.3 Nutrients 
 
The nutrient parameters include TKN, ammonia nitrogen, and total phosphorus.  The 
concentrations of these parameters are shown in Table 3 and in Figures 4, 5, and 6 
respectfully.  TKN refers to the analytical laboratory technique that measures the 
combined amount of the organic and ammonia nitrogen compounds that are present in 
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the sample, and, as shown previously in Table 2, the reporting limit for TKN (0.2 mg/L) 
is considerably higher than the reporting limit for ammonia nitrogen (0.01 mg/L). 
 
As observed in Table 3 and Figure 4, TKN was less than the laboratory’s detection limit 
at all the background, near-dike, and Calumet River locations.  Unlike TKN, ammonia 
nitrogen has a lower reporting limit, and it was detected at those same locations at 
concentrations ranging from 0.011 to 0.033 mg/L.  The concentrations of ammonia 
nitrogen at the Calumet River locations were slightly higher than at the background 
locations, but, since there is no discharge from the CDF during routine events, these 
results represent baseline conditions.  The higher ammonia nitrogen concentrations at 
the Calumet River locations are therefore an indication of the lower quality of water in 
the Calumet River compared to Calumet Harbor (Lake Michigan). 
 
The ammonia nitrogen concentrations at two (2) of the near-dike locations were slightly 
higher than the concentrations at the background locations, and the elevated results are 
likely due to shoreline effects such as stormwater runoff.  Also, since the routine 
monitoring event took place during the middle of September, the cooler, fall weather 
probably killed off some the vegetation (algae) growing on the dike’s armor stone, and 
the decomposition of this biomass would be expected to slightly increase nutrient 
concentrations near the dike.  Furthermore, nitrogen, phosphorus, and potassium are 
the primary ingredients for lawn fertilizers, and these fertilizers are applied during the 
spring, summer, and fall months, so the stormwater runoff of lawn fertilizers could have 
contributed to the higher nutrient concentrations at the shoreline locations. 
 
TKN and ammonia nitrogen were detected at the CDF pond locations, and the 
concentrations ranged from 0.28 to 0.29 mg/L for TKN and 0.064 to 0.078 mg/L for 
ammonia nitrogen.  The ammonia nitrogen concentrations at the CDF pond locations 
were elevated in comparison to the respective concentrations at the background, near-
dike, and Calumet River locations, but higher levels of nitrogen were anticipated at the 
CDF pond locations because of the more intense interactions between the water and 
dredged material, shallow water, shoreline effects, abundant vegetation and biological 
activity, and other reasons discussed earlier. 
 
By observing Table 3 and Figure 5 it is obvious that the levels of TKN and ammonia 
nitrogen in the groundwater wells were substantially higher than the levels measured at 
the other locations.  Due to the large difference between the TKN and ammonia 
nitrogen concentrations in the groundwater wells and other sample locations, the 
groundwater well values were shown on a separate bar graph.  As explained before, 
CDF is unlikely to be the principal cause for the poor groundwater quality, and the 
elevated levels of TKN and ammonia are consistent with the historical results and the 
geotechnical investigation that identified waste materials buried within the subsurface in 
the vicinity of the groundwater wells. 
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The phosphorus concentrations shown in Table 3 and Figure 6 reveal that it was 
detected at all the sample locations, and the concentrations at the background, near-
dike, and Calumet River locations ranged from 0.0069 to 0.0086 mg/L.  The phosphorus 
concentrations were slightly higher at the near-dike locations, and, similar to the 
ammonia nitrogen results, these elevated concentrations are most likely from shoreline 
effects, such as the decomposition of vegetation (algae) along the dikes and stormwater 
runoff.  The phosphorus concentrations at the CDF pond locations ranged from 0.0184 
to 0.0339 mg/L, and, like the ammonia nitrogen results, the phosphorus concentrations 
were higher at the CDF pond locations than at the background, near-dike, and Calumet 
River locations.  Elevated nutrient levels in the CDF pond are consistent with the 
historical data and were expected because of the more intense interactions between the 
water and dredged material, shallow water, shoreline effects, abundant vegetation and 
biological activity, and other reasons described previously. 
 
Figure 6 shows that the phosphorus concentration at groundwater well CH-19-81 
(0.1036 mg/L) was unusually high and elevated in comparison to the concentrations 
measured at the other sample locations, including the concentration at the other 
groundwater well CH-18-81 (0.0191 mg/L).  Although the phosphorus concentration in 
CH-19-81 was elevated, this is consistent with the other groundwater results and the 
geotechnical investigation that identified waste materials buried within the subsurface in 
the vicinity of the groundwater wells.  For the reasons discussed earlier, the CDF is 
unlikely to be the principal cause for the poor groundwater quality.  In comparison to the 
samples collected during the past few years, the level of phosphorus was extraordinarily 
high for Groundwater well CH-19-81, but the well is old and in poor condition, so the 
deterioration and/or damage to the well casing or well screen could be impacting the 
results. 
 
The phosphorus concentration at the groundwater well CH-19-81 was elevated, but 
otherwise the nutrient concentrations were generally similar to historical levels.  There 
were ammonia nitrogen concentrations in few samples at the near-dike locations that 
were slightly higher than at the background locations and the phosphorus 
concentrations at the near-dike locations were higher than at the background and 
Calumet River locations, but these differences were relatively minor and the results 
were likely associated with shoreline effects, such as the decomposition of vegetation 
(algae) and stormwater runoff.  The ammonia nitrogen and phosphorus concentrations 
at the CDF pond locations were considerably higher, so it does not appear that seepage 
through the CDF dikes is causing adverse impacts to the surrounding water quality, and 
the CDF seems to be performing as intended. 
 

4.1.4 Solids 
 
The results for Total Dissolved Solids (TDS) and Total Suspended Solids (TSS) are 
shown in Figures 7 and 8, respectively.  As shown in Figure 7, the highest TDS value 
(1900 mg/L) was measured in groundwater well CH-18-81.  Although this TDS value 
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was substantially higher than the values at the other sample locations, higher TDS 
concentrations have been measured at groundwater well CH-18-81 in the past.  
Historically, from 1984 to 2009, the TDS values measured at groundwater well CH-18-
81 were comparatively low and ranged from 250 to 1240 mg/L, with an average value of 
683 mg/L.  Then, in 2011, for some unknown reason, there was a marked increase in 
the TDS concentrations at groundwater well CH-18-81, and the maximum TDS 
concentration measured in 2011 was 19,500 mg/L.  Between 2011 and 2015, the TDS 
concentrations at groundwater well CH-18-81 ranged from 504 to 19,500 mg/L, with an 
average of 5564 mg/L.  No changes to the operation of the CDF occurred in 2011, so, 
as noted above, the reason for the marked increase in TDS concentrations is unknown.  
Nevertheless, the elevated TDS concentrations in this groundwater well are consistent 
with the high pH and other elevated parameter concentrations identified earlier.  As 
discussed before, the elevated groundwater concentrations are probably associated 
with the waste materials buried in the subsurface that were identified by the 
geotechnical investigation, and it is unlikely for the CDF to be the principal cause for the 
poor groundwater quality west of the facility. 
 
The TDS concentrations at the background, near-dike, and Calumet River locations 
ranged from 188 to 234 mg/L.  Average TDS concentrations for these same locations 
were 195, 205, and 206 mg/L, respectively.  In comparison to the background locations, 
one or more of the TDS concentrations were slightly elevated at the near-dike and 
Calumet River locations, but these differences are minor and are likely attributed to the 
shoreline effects discussed earlier.  As commonly observed with the other parameters, 
the TDS concentrations at the CDF pond locations were higher than at the background, 
near-dike, and Calumet River locations, and the TDS concentrations ranged from 432 to 
444 mg/L, which are similar to the historical results for the CDF pond locations.  
Potential reasons for the concentrations to be elevated at the CDF pond locations were 
mentioned previously. 
 
Figure 8 shows the highest TSS concentration (21.5 mg/L) was at groundwater well CH-
19-81.  It was discussed earlier that the waste materials buried within the subsurface 
are the likely cause for the elevated parameter concentrations observed in the 
groundwater wells, and these results are consistent with the historical results.  In 
addition, the groundwater tends to flow eastward, so the CDF is unlikely to be the 
principal cause for the poor groundwater quality west of the facility.  It was also 
mentioned above that groundwater well CH-19-81 is old and in poor condition, and the 
deterioration and/or damage to the well casing or well screen could be impacting the 
results. 
 
In addition, since the well casing for groundwater well CH-19-81 is not straight, it is 
frequently difficult and time consuming to collect groundwater samples from this well 
using a bailer.  The bailer technique is therefore only used at this well for routine events, 
and, during dredging events, a peristaltic pump with dedicated Teflon TM tubing is 
commonly used to collect samples from groundwater well CH-19-81.  The bailer 
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technique tends to agitate the groundwater, and, historically, the TSS concentrations 
have usually been higher for the routine events, when the bailer technique was used, in 
comparison to the dredging events, when a pump and tubing are used for sample 
collection. 
 
The TSS concentrations at the background, near-dike, and Calumet River locations 
ranged from less than 1.1 to 2.5 mg/L.  These TSS concentrations are low in 
comparison to the historical averages for these locations, and, although a few 
concentrations were slightly higher at the Calumet River and near-dike locations than at 
the background locations, these slightly elevated concentrations are likely due to the 
shoreline effects discussed earlier.  The TSS concentrations at the CDF pond locations 
ranged from 5.2 to 8.0 mg/L, so they were quite a bit higher than at the background, 
near-dike, and Calumet River locations.  The potential reasons for the parameter 
concentrations to be elevated in the CDF pond were discussed earlier. 
 
In general, the concentrations of TDS and TSS at the CDF pond locations were 
considerably higher than at the near-dike locations, and the TDS and TSS 
concentrations at the near-dike locations were comparable to the concentrations at the 
background and Calumet River locations.  It is therefore evident from these results that 
CDF pond water is unlikely to be seeping through the CDF dikes, and the CDF seems 
to be performing as intended. 
 
4.2 Quality Assurance/Quality Control (QA/QC) 
 
A data quality assessment (DQA) was performed to help verify that the sample 
collection and the analytical laboratory’s testing procedures were appropriate and 
produced data of known and acceptable quality.  The DQA included a review of the 
laboratory’s project technical narratives, statement of data qualifications, analytical 
report, and quality control (QC) report.  The data were evaluated with respect to the 
acceptance criteria and the data quality indicators (DQIs) (precision, accuracy, 
representativeness, comparability, completeness, and sensitivity (PARCCS) 
parameters).  A DQA worksheet was prepared and has been included along with the 
final analytical laboratory report in Appendix B. 
 
The holding time requirements were met, but, according to the Sample Receiving/Log-In 
Checklist included with the analytical laboratory report, three (3) of the five (5) coolers 
contained temperature blanks that slightly exceeded the upper value of the temperature 
acceptance range, which is six (6) degree Celsius.  The temperatures in these blanks 
ranged from 6.2 to 7.6 degrees Celsius.  There was adequate time, but it seems that the 
bagged ice failed to sufficiently reduce the temperatures in these coolers to within the 2 
to 6 degrees Celsius acceptance range.  This same checklist shows that the laboratory 
also measured the temperatures of three (3) samples in each cooler and then computed 
the average value for the three (3)-samples.  Although some of the temperature blanks 
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exceeded the acceptance range, all of the three (3)-sample average values for the 
coolers were within the acceptance range. 
 
The reason for preserving and cooling the samples is to help keep them stable and 
minimize chemical and biological changes.  However, even when samples are properly 
preserved and temperatures are maintained within the acceptance range, complete 
stability for every constituent is unlikely to be achieved (USEPA 1982).  Although some 
of the temperature blank values exceeded the acceptance range, the samples were 
only in transit overnight, the temperature exceedances were minor (the maximum 
difference was 1.6 degrees Celsius), and the three (3)-sample average values were 
within the acceptance range.  As a consequence, the failure of the bagged ice to 
sufficiently reduce the temperatures in some of the coolers to values within the 
acceptance range should not have an appreciable effect on the sample results, and the 
data are considered to be acceptable for the intended use. 
 
Another issue identified during the DQA was that the required reporting limits were not 
met for two (2) of the parameters, TSS and ammonia nitrogen.  In regards to TSS, the 
required reporting limit was 1.0 mg/L, but the laboratory’s detection limit was 1.1 mg/L 
for the background, near-dike, and Calumet River locations and 3.3 mg/L for the CDF 
pond and groundwater well locations.  The laboratory TSS results for nearly all the 
samples were above the laboratory’s detection limits.  There was only one sample 
where the TSS concentration was less than the laboratory’s detection limit, and this 
sample was collected from a background location (BACK-002).  Since there was only 
one sample with a TSS concentration less than the laboratory’s detection limit, and the 
difference between the laboratory’s detection limit and the required reporting limit for 
this sample was only 0.1 mg/L, the difference was small in comparison to the reporting 
limit, and this issue is considered to be minor and does not affect data acceptability. 
 
The required reporting limit for ammonia nitrogen was 0.010 mg/L, and the laboratory’s 
detection limit was equivalent to the required reporting limit for all the samples except 
for the two (2) groundwater well samples.  The concentration of ammonia nitrogen in the 
two (2) groundwater well samples was substantially higher than in the other samples, so 
the laboratory needed to dilute these samples.  Due to the sample dilution, the 
laboratory’s detection limit increased to 0.020 mg/L for the groundwater well samples.  
The ammonia nitrogen results were all above the laboratory’s detection limits, and, 
since the results were substantially higher than the laboratory’s detection limit, the 
required reporting limit exceedances are not a concern for data acceptability. 
 
There were no issues with the Method Blanks (MBs), Matrix Spike (MS) and Matrix 
Spike Duplicates (MSD) samples, or the laboratory control samples (LCSs).  The only 
result that was qualified was the TSS result for the groundwater well CH-19-81, and this 
was because the relative percent difference (RPD) between the sample concentration 
and the laboratory duplicate exceeded the control limit.  Overall, the data were 
determined to be of acceptable quality and suitable for the intended purpose. 
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4.3 ProUCL Statistical Analysis 
 
A statistical analysis software program named ProUCL (Version 5.0.00) was utilized to 
assist with the comparison of the background and near-dike water quality data.  ProUCL 
was developed under the direction of the U.S. Environmental Protection Agency’s 
(USEPA) Office of Research and Development (ORD) Technical Support Center (TSC), 
and information regarding the ProUCL software is available at the following website: 
https://www.epa.gov/land-research/proucl-software. 
 
The testing approach within the ProUCL software program that was used to analyze the 
data was the two (2)-sample, Wilcoxon-Mann-Whitney (WMW) test (with a confidence 
coefficient = 95%).  Information regarding the underlying statistical concepts and 
rationale for selecting this approach can be found in the Technical Guide for the 
ProUCL software, which is available at the USEPA website above, and supplemental 
information is provided in the USACE manual on Environmental Statistics (USACE 
2008). 
 
Briefly, two (2)-sample tests are used for the comparison of concentrations from two (2) 
populations (groups), such as the concentrations at a particular site versus the 
background concentrations, and the WMW test is a nonparametric test used for 
determining whether a difference exists between the site and background population 
distributions.  The null hypothesis (Ho) form that was selected was the default form for 
the ProUCL software, which is “Sample 1 <= Sample 2 (Form 1)” to evaluate whether 
the near-dike results (Sample 1) were less than or equal to the background results 
(Sample 2) for the different parameters. 
 
For the null hypothesis form and confidence coefficient described above, the WMW 
testing approach computes the one-tailed p values, and, if the p value is greater than or 
equal to 0.05, the null hypothesis is not rejected.  When the null hypothesis is not 
rejected, it essentially means that the hypothesis may or may not be true, but a 
statistical difference between the concentrations at the site and background locations 
could not be demonstrated at the 95% level of confidence.  Conversely, if the p value is 
less than 0.05, the null hypothesis for that test is rejected, and a statistical difference 
between the concentrations at the site and background locations could be demonstrated 
at the 95% level of confidence.  As discussed earlier, if the parameter concentrations at 
the near-dike locations are significantly higher than the respective concentrations at the 
background locations, then it could be an indication that the CDF is adversely impacting 
the background water quality. 
 
No WMW statistical analysis can be performed using ProUCL if the parameters in one 
or more of the groups (i.e., background and/or near-dike of samples) have results that 
are all below the detection limit.  This was the case for the metal parameters; chromium, 
manganese, and zinc, and TKN.  However, there were sufficient data to conduct the 
WMW statistical analysis on ammonia nitrogen, phosphorus, TSS, and TDS, and the 

https://www.epa.gov/land-research/proucl-software
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results from these WMW statistical analyses are provided in Appendix E, Tables E1 and 
E2a through E2d.  TSS was the only parameter analyzed by the WMW test that 
contained a concentration below the laboratory’s detection limit, so the analysis was 
performed using the comparison test for data sets with non-detects.  The other analyses 
were performed using the comparison test for full data sets without non-detects.  The 
results show that the WMW test only rejected the null hypothesis for one of the 
parameters; phosphorus (Table E2b). 
 
Since the WMW test rejected the null hypothesis for phosphorus, this indicates that the 
phosphorus concentrations at the near-dike locations were statistically greater than the 
phosphorus concentrations at the background locations, but, as previously discussed, 
this does not necessarily imply that the CDF was responsible for the elevated 
phosphorus levels at the near-dike locations.  In addition, it should be noted that the 
average phosphorus concentration for the near-dike locations was 0.0085 mg/L, and 
this concentration is not substantially higher than the average phosphorus concentration 
for the background locations, which was 0.0073 mg/L.  For comparison, the average 
phosphorus concentration for the CDF pond locations was 0.0238 mg/L, which is a 
much higher concentration. 
 
Furthermore, it was discussed previously that the parameter concentrations at the near-
dike locations are expected to be slightly higher on average than at the deep water 
locations because of the more intense interactions that commonly occur between the 
water and the rocks and sediment that comprise the shoreline.  It was also noted earlier 
that a portion of the vegetation (algae) along the shoreline dies off during the fall 
season, and the decomposition of this vegetation can increase nutrient levels (nitrogen 
and phosphorus).  Another potential factor is that phosphorus and nitrogen are primary 
ingredients for lawn fertilizers, and stormwater runoff of these fertilizers possibly 
contributed to elevated phosphorus along the shoreline. 
 
Due to the reasons discussed above, the CDF was probably not the principal cause for 
the slightly elevated phosphorus levels at the near-dike locations in comparison to the 
background locations, and the phosphorus concentrations should be expected to be 
slightly higher on average at the near-dike locations than at the background locations.  It 
is also relevant to note that the WMW test only rejected the null hypothesis for this one 
parameter, and the data in Table 3 show that many of the parameter concentrations in 
the CDF pond water are high in comparison to the concentrations at the background, 
near-dike, and Calumet River locations.  Thus, if seepage from the CDF was 
responsible for adversely impacting the water quality at the near-dike locations, it would 
be likely that the parameter concentrations would have been higher and/or the WMW 
test would have rejected the null hypothesis for additional parameters. 
 
Another consideration is that the current report only covers the sampling event 
conducted on 15 September 2016.  As a consequence, the statistical analyses were 
conducted on a limited amount of data, and increasing the amount of data generally 
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improves the likelihood for a statistical approach to reach a correct conclusion.  As 
mentioned in Special Condition four (4) of the Illinois EPA permit (Appendix A), the 
Chicago District submits a report containing data from the beginning of the project to the 
time of the next permit renewal submission with the application for the renewal of the 
permit, and these reports provide a much more comprehensive view of the historical 
data and indicate trends for the parameters tested.  Although there was a limited 
amount of data for the current report, it can still be challenging to reach conclusions 
from simply observing the raw data.  Statistical tests are therefore helpful for gaining 
insight and identifying whether the data reveal significant differences between the 
parameter concentrations at the independent sample locations. 
 
4.4 Student’s t Statistical Analysis 
 
In addition to the WMW analysis, a Student’s two (2)-sample t-test was used to 
compare the results from the different sampling locations.  This statistical test employs a 
student’s t-distribution to assess whether there is a statistically significant difference 
between the means of two (2) independent sample groups.  Unlike the WMW test, the 
Student’s t-test is a parametric test that assumes the variances for the sample data are 
approximately equal and the sample data are approximately normally distributed.  
These assumptions are often not valid because data distributions from environmental 
studies tend to be skewed rather than normally distributed (USACE 2008).  This is 
particularly true for small data sets, so the Student’s t-test could be unreliable and give 
a false rejection of the null hypothesis.  Nevertheless, this test was performed, in 
addition to the nonparametric WMW test, to help identify statistically significant 
differences between the parameter concentrations at the independent sample locations.  
The null hypothesis (Ho) used for the Student’s t-test is that a statistically significant 
difference does not exist between the means of the two (2) sample groups.  Hence, 
when the null hypothesis is rejected, the Student’s t-test indicates that a statistically 
significant difference does exist between the means of the two (2) sample groups. 
 
The results from the Student’s t-tests are provided in Appendix E, Tables E3a through 
E3d, which immediately follow the results from the WMW tests.  These tables include 
the completeness, count, degrees of freedom (df), average (mean), sample standard 
deviation, sample variance, and alpha (0.05) for each parameter at the different sample 
locations.  It is important to note that if one or more of the parameter concentrations are 
below the laboratory’s detection limit (non-detected), or if no data are obtained for a 
parameter at a sample location, the estimated or absent concentrations are not used in 
the statistical comparison.  These estimated or absent data values are labeled as not 
applicable / not available (N/A).  Furthermore, since numerous results for the metal 
parameters; Cr, Mn, and Zn, and TKN were below the laboratory’s detection limit (non-
detected), no comparisons between the sampling locations were conducted for these 
parameters.  Hence, similar to the results from the WMW test, the Student’s t-test was 
only conducted for the ammonia nitrogen, phosphorus, TSS, and TDS data, and, as 



 

21 

mentioned above, the results are shown in Appendix E, Tables E3a through E3d, 
respectively. 
 
At the bottom of the tables, the “Comparison” section shows the actual Student’s t-test 
results.  If the test concludes that the null hypothesis is true, the comparison is labeled 
"OK".  Conversely, if the test concludes the null hypothesis is false and should be 
rejected, the test is labeled "Reject Ho," and this indicates that a statistically significant 
difference exists between the means of two (2) sample groups.  In the rare case when 
the two (2) population means are exactly the same, and both sample populations have 
a variance of zero, a division by zero error would be indicated. 
 
Near the upper rows of the tables, “completeness” indicates whether three (3) data 
values are available for a particular parameter at a sample location.  If there are less 
than three (3) data values, the completeness is labeled as being “incomplete”, whereas 
“OK” indicates that three (3) values are available to conduct the analysis.  The “count” 
displays the number of data values available for the analysis.  The degrees of freedom 
(df) is simply the first whole number less than the count.  The mean is computed 
whenever two (2) or three (3) data values are available.  Finally, the sample variance 
and sample standard deviation are not calculated, nor is the statistical comparison 
performed, unless all three (3) data values are available.  Samples are only collected 
from two (2) groundwater wells, so there are not enough data values to perform the 
statistical comparison for the groundwater well locations (CH).  The four (4) independent 
sampling locations that are compared using the Student’s t-test are (1) the background 
locations in Calumet Harbor (BACK), (2) the near-dike composite locations (NDC), (3) 
the Calumet River locations (RIV), and (4) the CDF pond locations (CDF). 
 
4.5 Student’s t Statistical Analysis Results 
 
One of the main goals for this statistical analysis is to help determine whether there was 
a statistically significant difference between the near-dike and background locations, 
because this might indicate that the CDF is causing adverse impacts to the surrounding 
water quality.  The results from the Student’s t-test are provided in Table 5 below.  This 
table only provides information regarding the statistical comparisons that were 
complete; where all three (3) dataset values were detected for each of the compared 
sampling environments, and for the comparisons where the null hypothesis was 
rejected, which indicates that a statistically significant difference existed between the 
means of two (2) sample groups.  The mean values for each environment have also 
been included in the table in parentheses. 
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Table 5:  Routine Water Quality Parameter Statistical Comparison 

Water Quality 
Parameter 

15 Sep. 2016 
Sampling Location 
with Higher Mean 

Value 

Sampling Location 
with Lower Mean 

Value 
Chromium -- -- 
Manganese -- -- 
Zinc -- -- 
TKN -- -- 
NH3 RIV (0.0293 mg/L) BACK (0.0170 mg/L) 
 CDF (0.0723 mg/L) BACK (0.0170 mg/L) 
 CDF (0.0723 mg/L) NDC (0.0223 mg/L) 
 CDF (0.0723 mg/L) RIV (0.0293 mg/L) 
Phosphorus NDC (0.0085 mg/L) BACK (0.0073 mg/L) 
 NDC (0.0085 mg/L) RIV (0.0076 mg/L) 
 CDF (0.0238 mg/L) BACK (0.0073 mg/L) 
 CDF (0.0238 mg/L) NDC (0.0085 mg/L) 
 CDF (0.0238 mg/L) RIV (0.0076 mg/L) 
TDS CDF (438.7 mg/L) BACK (195.3 mg/L) 
 CDF (438.7 mg/L) NDC (205.3 mg/L) 
 CDF (438.7 mg/L) RIV (206.0 mg/L) 
TSS CDF (6.8 mg/L) NDC (1.5 mg/L) 
 CDF (6.8 mg/L) RIV (1.7 mg/L) 

Comments: 
BACK = Background Samples; NDC = Near Dike Composite Samples; RIV = Calumet River Samples; 
CDF = CDF Pond Samples 
This table summarizes the two-sample t-test statistical method comparisons, which were only performed 
on complete datasets.  This table only provides information on comparisons for which the null hypothesis 
was rejected, indicating a statistically significant difference was found to exist between the means of the 
two (2) sampling environments that were being compared. 
 
4.5.1 Metals 
 
No metals were compared using the Student’s t-test because the Cr results were all 
below the laboratory’s detection limit, and the Mn and Zn results were also below the 
laboratory’s detection limit for all the background locations, as well as for most of the 
samples collected from the near-dike and Calumet River locations.  Although Zn was 
detected at one of the near-dike locations and Mn was detected at one of the Calumet 
River locations, the parameters need to be detected at all three (3) locations to make a 
complete dataset.  There was only metal parameter that had a complete dataset, and 
that metal was Mn.  Mn was detected in all three (3) of the samples collected from the 
CDF pond locations, but, since the other Mn datasets were incomplete, the Mn results 
from the CDF pond could not be compared to the other sample locations using the 
Student’s t-test. 
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4.5.2 Nutrients 
 
It was shown earlier in Table 3 that the TKN results were below the laboratory’s 
detection limit at all the sample locations except for the CDF pond and groundwater well 
locations.  Similar to Mn, since the datasets for TKN at all the sample locations were 
incomplete except for the CDF pond locations, the TKN results could not be compared 
to the other sample locations using the Student’s t-test. 
 
Unlike the metal and TKN parameters, ammonia nitrogen and phosphorus were 
detected at all the sample locations, and Table 5 shows that the Student’s t-test rejected 
the null hypothesis and determined that the data were significantly different for many of 
the sample location comparisons for these parameters.  It can be observed from Table 
5 that phosphorus was the only parameter for which the Student’s t-test rejected the null 
hypothesis and determined that there was a statistically significant difference between 
the concentrations at the near-dike and background locations.  This is the same result 
that was reported earlier from the WMW tests, and, for the reasons discussed 
previously, the CDF was probably not responsible for the slightly elevated phosphorus 
levels at the near-dike locations in comparison to the background locations.  Moreover, 
it was mentioned before that, on average, the phosphorus concentrations should be 
expected to be slightly higher at the near-dike locations than at the background 
locations. 
 
For both ammonia nitrogen and phosphorus, the Student’s t-test rejected the null 
hypothesis and determined that there was a statistically significant difference between 
the concentrations at the CDF pond and the background, near-dike, and Calumet River 
locations.  Potential reasons for elevated ammonia nitrogen and phosphorus 
concentrations at the CDF pond locations in comparison to these other locations were 
discussed previously.  Essentially, the CDF pond contains the water originally 
associated with wet dredged material, the CDF pond is shallower and has more 
abundant vegetation and biological activity, and there is greater interaction between the 
CDF pond water and the sediment particles due to the effects of wind, waves, currents, 
erosion, stormwater runoff, etc. 
 
The analysis of the data by the Student’s t-test also determined that there was a 
statistically significant difference between the ammonia nitrogen concentrations at the 
Calumet River and background locations and a statistically significant difference 
between the phosphorus concentrations at the near-dike and Calumet River locations.  
It was previously mentioned that the Calumet River sediment and water quality is 
generally lower than the sediment and water quality in Calumet Harbor, so the nitrogen 
ammonia and other parameter concentrations are frequently higher at the Calumet 
River locations than at the background locations.  The potential reasons for the 
phosphorus concentrations to be slightly elevated at the near-dike locations in 
comparison to the Calumet River locations are basically the same as the ones 
discussed earlier in regards to the near-dike and background locations.  On average, 
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the phosphorus concentrations at the Calumet River locations were slightly higher than 
at the background locations but slightly less than the phosphorus concentrations at the 
near-dike locations. 
 
4.5.3 Solids 
 
Table 3 shows that the TDS datasets were complete and the TSS datasets were mostly 
complete, except for the one sample from the background locations that was 
determined to have a TSS concentration below the laboratory’s detection limit.  It can be 
seen in Table 5 that for TDS, the Student’s t-test rejected the null hypothesis and 
determined there was a statistically significant difference between the CDF pond 
locations and the background, near-dike, and Calumet River locations.  For TSS, the 
Student’s t-test determined that there was a statistically significant difference between 
the CDF pond locations and the near-dike and Calumet River locations.  It is likely that 
the Student’s t-test would have also determined there to be a statistically significant 
difference between the TSS concentrations at the CDF pond and background locations, 
but, as mentioned above, the background dataset for TSS was incomplete.  The 
Student’s t-test statistical analysis identified statistically significant differences between 
the solids concentrations at the CDF pond locations and the other sample locations, and 
the potential reasons for these differences were detailed earlier. 
 
5 Conclusion 
 
This report presents the results of the annual routine water quality monitoring event 
performed on September 15, 2016 at the Chicago Area CDF.  The purpose is to 
summarize the water quality monitoring, including the sampling and testing procedures, 
analytical test results from the laboratory, and the quality control data.  One of the 
primary objectives of the water quality monitoring is to determine whether the CDF 
might be causing adverse impacts to the surrounding water quality in Calumet Harbor 
and the Calumet River.  Samples were collected from five (5) different sampling 
environments; including background locations in Calumet Harbor, locations along the 
exterior dike of the CDF (near-dike locations), locations in the Calumet River, locations 
in the CDF pond, and groundwater well locations.  The samples were then analyzed for 
metals (Cr, Mn, and Zn), nutrients (TKN, ammonia nitrogen, and phosphorus), TDS and 
TSS, pH, and temperature.  If the parameter concentrations at the near-dike locations 
are significantly higher than the respective concentrations at the background locations, 
it could be an indication that the CDF may be adversely impacting the surrounding 
water quality in Calumet Harbor and the Calumet River.  However, the concentrations at 
the near-dike locations are often slightly elevated due to various shoreline effects, like 
waves, currents, and stormwater runoff, which can intensify the interactions between 
the water and sediment particles. 
 
The concentrations of Cr were less than the laboratory’s detection limit at all the sample 
locations.  In addition, the concentrations of Mn, Zn, and TKN were below the 
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laboratory’s detection limit at all the background locations, and the concentrations of 
TKN and most of the Mn and Zn concentrations were less than the laboratory’s 
detection limit at the near-dike and Calumet River locations.  Since the concentrations 
of these parameters were less than the laboratory’s detection limit at so many of the 
sample locations, the analysis of the data was somewhat constrained to the other 
parameters.  The concentrations of ammonia nitrogen, phosphorus, and TDS were 
detected at all the sample locations, and concentrations of TSS were detected at all the 
sample locations except for one of the background locations, where the concentration of 
TSS was less than the laboratory’s detection limit.  The data quality control was 
adequate, and the data were determined to be suitable for this water quality monitoring 
event. 
 
An analysis of the data only identified one parameter, phosphorus, in which there was a 
statistically significant difference between the concentrations at the near-dike and 
background locations.  The slightly elevated phosphorus at the near-dike locations was 
likely a result of the shoreline effects mentioned earlier, including the decomposition of 
vegetation (algae) on the dikes during the fall season, and contributions from 
stormwater runoff of phosphorus-containing substances, such as lawn fertilizer.  It is 
unlikely that the CDF was responsible for the slightly elevated phosphorus levels at the 
near-dike locations compared to the background locations. 
 
In general, the concentrations of the different parameters at the various sampling 
environments were consistent with the historical data, and it is evident from the results 
that the CDF is unlikely to be adversely impacting the surrounding water quality in 
Calumet Harbor and the Calumet River.  The CDF therefore appears to be performing 
as intended. 



 

26 

6 References 
 
Horowitz, A.J., A Primer on Trace Metal Sediment Chemistry, U.S. Geological Survey 
Water-Supply Paper; 84-2277, 1985. 
 
Illinois Department of Natural Resources, Illinois Coastal Management Program 
Document, 2011. 
 
Roadcap, G.S., W.R. Kelly, and C.M. Bethke, “Geochemistry of Extremely Alkaline (pH 
>12) Ground Water in Slag-Fill Aquifers.  Ground Water Vol. 43, No. 6, Pages 806 – 
816, Nov. – Dec. 2005. 
 
U.S. Army Corps of Engineers (USACE), Environmental Statistics, Engineer Manual 
(EM) 1110-1-4014, Washington, DC.  January 2008. 
 
U.S. Army Corps of Engineers (USACE), Design Analysis: Calumet Harbor, Illinois 
Chicago Area Confined Disposal Facility Volumes I and II.  January 1982. 
 
U.S. Environmental Protection Agency (USEPA), Handbook for Sampling and Sample 
Preservation of Water and Wastewater, Environmental Monitoring and Support 
Laboratory, EPA-600/4-82-029, Sep. 1982. 
 



 

27 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figures 
 



 

28 

Figure 1:  Chicago Area CDF Monitoring Locations 
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Figure 2:  Manganese 
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Figure 3:  Zinc 
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Figure 4:  Total Kjeldahl Nitrogen (TKN) and Ammonia Nitrogen 
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Figure 5:  Total Kjeldahl Nitrogen (TKN) and Ammonia Nitrogen – GW Wells 

 
  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

CH-18-81 CH-19-81

Conc.
[mg/L]

Sample Location

TKN Ammonia TKN RL Ammonia RL



 

 33 

Figure 6:  Phosphorus 
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Figure 7:  Total Dissolved Solids 
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Figure 8:  Total Suspended Solids 
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Figure 9:  Field pH 
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Figure 10:  Field Temperature 
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Appendix A - Illinois EPA Water Pollution Control Permit 
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Appendix B:  Laboratory Report



Dear Mr. Richard Saichek,

Enclosed is a copy of the laboratory report for the following work order(s) received by Pace Analytical:

Attn:  Mr. Richard Saichek

Chicago, IL 60606

U.S. Army Corps of Engineers, Chicago

111 North Canal Street, Suite 600

Project: Calumet Harbor - CDF - WQM

Work Order Received Description

October 04, 2016

1609293 09/16/2016 Laboratory Services

This report relates only to the sample(s) as received.  Test results are in compliance with the requirements of the 

National Environmental Laboratory Accreditation Program (NELAP) and/or one of the following certification programs:

ANAB DoD-ELAP/ISO17025 (#ADE-1542);  Arkansas DEP (#88-0730/13-049-0);  Georgia EPD 

(#026-999-161/1023062);  Illinois DEP (#200026/003329);  Kentucky DEP (AL123065/#0021); Michigan DPH 

(#0034);  Minnesota DPH (#026-999-161/1023062);  New York ELAP (#11776/53116);  North Carolina DNRE 

(#659);  Virginia DCLS (#460153/7952);  Wisconsin DNR (#999472650);  USDA Soil Import Permit 

(#P330-14-00305).

Any qualification or narration of results, including sample acceptance requirements and test exceptions to the above 

referenced programs, is presented in the Statement of Data Qualifications and Project Technical Narrative sections of 

this report.  Estimates of analytical uncertainties and certification documents for the test results contained within this 

report are available upon request.

If you have any questions or require further information, please do not hesitate to contact me.

Sincerely,

Gary L. Wood

Client Services Manager

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 1 of 41



PROJECT TECHNICAL NARRATIVE(s)

Total Metals by EPA 6000/7000 Series Methods

Narrative: This analyte was not present in this sample at a concentration greater than 100 times the MDL, 
therefore serial dilution is not required.

Analysis: USEPA-6020A

1609293-01   BACK-001Sample/Analyte: Chromium

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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PROJECT TECHNICAL NARRATIVE(s)

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Narrative: Only one duplicate was performed for the batch

Analysis: SM 2540 C-2011

1609293-01   BACK-001Sample/Analyte: Residue, Dissolved @ 180° C

1609293-02   BACK-002 Residue, Dissolved @ 180° C

1609293-03   BACK-003 Residue, Dissolved @ 180° C

1609293-04   RIV-001 Residue, Dissolved @ 180° C

1609293-05   RIV-002 Residue, Dissolved @ 180° C

1609293-06   RIV-003 Residue, Dissolved @ 180° C

1609293-07   ND-001 Residue, Dissolved @ 180° C

1609293-08   ND-002 Residue, Dissolved @ 180° C

1609293-09   ND-003 Residue, Dissolved @ 180° C

1609293-10   CDF-001 Residue, Dissolved @ 180° C

1609293-11   CDF-002 Residue, Dissolved @ 180° C

1609293-12   CDF-003 Residue, Dissolved @ 180° C

1609293-13   CH-18-81 Residue, Dissolved @ 180° C

1609293-14   CH-19-81 Residue, Dissolved @ 180° C

Narrative: The referenced method requires analysis occur within 15 minutes of sample collection.  Analysis was 
performed at the laboratory on 9/21/16.

Analysis: SM 4500-H B-2011

1609293-01   BACK-001Sample/Analyte: pH

1609293-02   BACK-002 pH

1609293-03   BACK-003 pH

1609293-04   RIV-001 pH

1609293-05   RIV-002 pH

1609293-06   RIV-003 pH

1609293-07   ND-001 pH

1609293-08   ND-002 pH

1609293-09   ND-003 pH

1609293-10   CDF-001 pH

1609293-11   CDF-002 pH

1609293-12   CDF-003 pH

1609293-13   CH-18-81 pH

1609293-14   CH-19-81 pH

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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STATEMENT  OF  DATA  QUALIFICATIONS

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Qualification: The laboratory duplicate RPD for this sample exceeded the control limit.

Analysis: SM 2540 D-2011

Sample: 1609293-14 CH-19-81

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

BACK-001

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-01

09/16/16  08:30

09/15/16  10:58

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:14

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCManganese 09/21/16 12:14

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:14

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

BACK-001

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-01

09/16/16  08:30

09/15/16  10:58

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970317.9 1.0 AMMpH 09/21/16 15:10

mg/L SM 4500-NH3 G-2011 160989210.018 0.010 LEWNitrogen, Ammonia 09/22/16 15:06

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 10:55

mg/L SM 4500-P E-2011 160966110.0069 0.0050 HLPhosphorus, Total 09/21/16 10:44

mg/L SM 2540 C-2011 16096191190 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160978011.5 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

BACK-002

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-02

09/16/16  08:30

09/15/16  11:05

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:27

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCManganese 09/21/16 12:27

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:27

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

BACK-002

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-02

09/16/16  08:30

09/15/16  11:05

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970318.2 1.0 AMMpH 09/21/16 15:10

mg/L SM 4500-NH3 G-2011 160989210.015 0.010 LEWNitrogen, Ammonia 09/22/16 15:15

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 10:55

mg/L SM 4500-P E-2011 160966110.0070 0.0050 HLPhosphorus, Total 09/21/16 10:44

mg/L SM 2540 C-2011 16096191190 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 16097801<1.1 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

BACK-003

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-03

09/16/16  08:30

09/15/16  11:20

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:30

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCManganese 09/21/16 12:30

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:30

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 9 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

BACK-003

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-03

09/16/16  08:30

09/15/16  11:20

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970318.2 1.0 AMMpH 09/21/16 15:10

mg/L SM 4500-NH3 G-2011 160989210.018 0.010 LEWNitrogen, Ammonia 09/22/16 15:15

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 10:55

mg/L SM 4500-P E-2011 160966110.0080 0.0050 HLPhosphorus, Total 09/21/16 10:44

mg/L SM 2540 C-2011 16096191206 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160978011.2 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 10 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

RIV-001

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-04

09/16/16  08:30

09/15/16  10:32

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:33

mg/L USEPA-6020A 160963310.0061 0.0050 DSCManganese 09/21/16 12:33

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:33

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 11 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

RIV-001

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-04

09/16/16  08:30

09/15/16  10:32

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970318.2 1.0 AMMpH 09/21/16 15:10

mg/L SM 4500-NH3 G-2011 160989210.030 0.010 LEWNitrogen, Ammonia 09/22/16 15:15

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 10:55

mg/L SM 4500-P E-2011 160966110.0074 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191202 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160978012.5 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 12 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

RIV-002

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-05

09/16/16  08:30

09/15/16  10:39

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:41

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCManganese 09/21/16 12:41

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 13 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

RIV-002

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-05

09/16/16  08:30

09/15/16  10:39

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970318.2 1.0 AMMpH 09/21/16 15:10

mg/L SM 4500-NH3 G-2011 160989210.028 0.010 LEWNitrogen, Ammonia 09/22/16 15:15

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 10:55

mg/L SM 4500-P E-2011 160966110.0079 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191222 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160978011.2 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 14 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

RIV-003

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-06

09/16/16  08:30

09/15/16  10:44

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:43

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCManganese 09/21/16 12:43

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:43

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 15 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

RIV-003

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-06

09/16/16  08:30

09/15/16  10:44

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970318.2 1.0 AMMpH 09/21/16 15:10

mg/L SM 4500-NH3 G-2011 160989210.030 0.010 LEWNitrogen, Ammonia 09/22/16 15:15

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 10:55

mg/L SM 4500-P E-2011 160966110.0074 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191194 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160978011.5 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 16 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

ND-001

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-07

09/16/16  08:30

09/15/16  10:20

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:46

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCManganese 09/21/16 12:46

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:46

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 17 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

ND-001

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-07

09/16/16  08:30

09/15/16  10:20

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970318.2 1.0 AMMpH 09/21/16 15:10

mg/L SM 4500-NH3 G-2011 160989210.023 0.010 LEWNitrogen, Ammonia 09/22/16 15:15

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 10:55

mg/L SM 4500-P E-2011 160966110.0086 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191194 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160978011.2 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 18 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

ND-002

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-08

09/16/16  08:30

09/15/16  10:12

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:49

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCManganese 09/21/16 12:49

mg/L USEPA-6020A 160963310.0056 0.0050 DSCZinc 09/21/16 12:49

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 19 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

ND-002

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-08

09/16/16  08:30

09/15/16  10:12

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970418.2 1.0 AMMpH 09/21/16 15:30

mg/L SM 4500-NH3 G-2011 160989210.011 0.010 LEWNitrogen, Ammonia 09/22/16 15:15

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 10:55

mg/L SM 4500-P E-2011 160966110.0086 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191234 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160978011.8 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 20 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

ND-003

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-09

09/16/16  08:30

09/15/16  09:56

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:51

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCManganese 09/21/16 12:51

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:51

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 21 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

ND-003

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-09

09/16/16  08:30

09/15/16  09:56

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970418.2 1.0 AMMpH 09/21/16 15:30

mg/L SM 4500-NH3 G-2011 160989210.033 0.010 LEWNitrogen, Ammonia 09/22/16 15:15

mg/L USEPA-351.2 Rev. 2.0 16097561<0.20 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 11:02

mg/L SM 4500-P E-2011 160966110.0084 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191188 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160978011.6 1.1 HRLResidue, Suspended 09/22/16 15:41

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 22 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CDF-001

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-10

09/16/16  08:30

09/15/16  14:00

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:54

mg/L USEPA-6020A 160963310.065 0.0050 DSCManganese 09/21/16 12:54

mg/L USEPA-6020A 160963310.0055 0.0050 DSCZinc 09/21/16 12:54

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 23 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CDF-001

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-10

09/16/16  08:30

09/15/16  14:00

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970418.0 1.0 AMMpH 09/21/16 15:30

mg/L SM 4500-NH3 G-2011 160989210.075 0.010 LEWNitrogen, Ammonia 09/22/16 15:24

mg/L USEPA-351.2 Rev. 2.0 160975610.28 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 11:02

mg/L SM 4500-P E-2011 160966110.0339 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191444 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160958817.3 3.3 HRLResidue, Suspended 09/19/16 07:34

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 24 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CDF-002

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-11

09/16/16  08:30

09/15/16  14:05

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:57

mg/L USEPA-6020A 160963310.058 0.0050 DSCManganese 09/21/16 12:57

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCZinc 09/21/16 12:57

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 25 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CDF-002

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-11

09/16/16  08:30

09/15/16  14:05

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970418.0 1.0 AMMpH 09/21/16 15:30

mg/L SM 4500-NH3 G-2011 160989210.064 0.010 LEWNitrogen, Ammonia 09/22/16 15:24

mg/L USEPA-351.2 Rev. 2.0 160975610.29 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 11:02

mg/L SM 4500-P E-2011 160966110.0192 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191432 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160958815.2 3.3 HRLResidue, Suspended 09/19/16 07:34

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com

Page 26 of 41



ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CDF-003

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-12

09/16/16  08:30

09/15/16  14:10

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 12:59

mg/L USEPA-6020A 160963310.056 0.0050 DSCManganese 09/21/16 12:59

mg/L USEPA-6020A 160963310.0063 0.0050 DSCZinc 09/21/16 12:59

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CDF-003

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-12

09/16/16  08:30

09/15/16  14:10

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 160970418.0 1.0 AMMpH 09/21/16 15:30

mg/L SM 4500-NH3 G-2011 160989210.078 0.010 LEWNitrogen, Ammonia 09/22/16 15:24

mg/L USEPA-351.2 Rev. 2.0 160975610.29 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 11:02

mg/L SM 4500-P E-2011 160966110.0184 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 16096191440 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160958818.0 3.3 HRLResidue, Suspended 09/19/16 07:34

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CH-18-81

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-13

09/16/16  08:30

09/15/16  13:30

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 13:02

mg/L USEPA-6020A 160963350.14 0.0050 DSCManganese 09/21/16 13:16

mg/L USEPA-6020A 160963310.017 0.0050 DSCZinc 09/21/16 13:02

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CH-18-81

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-13

09/16/16  08:30

09/15/16  13:30

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 1609727110.9 1.0 AMMpH 09/21/16 16:55

mg/L SM 4500-NH3 G-2011 160989222.6 0.020 LEWNitrogen, Ammonia 09/22/16 16:02

mg/L USEPA-351.2 Rev. 2.0 160975613.0 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 11:02

mg/L SM 4500-P E-2011 160966110.0191 0.0050 HLPhosphorus, Total 09/21/16 10:48

mg/L SM 2540 C-2011 160961911900 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 160958816.9 3.3 HRLResidue, Suspended 09/19/16 07:34

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CH-19-81

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-14

09/16/16  08:30

09/15/16  12:40

Total Metals by EPA 6000/7000 Series Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

mg/L USEPA-6020A 16096331<0.0050 0.0050 DSCChromium 09/21/16 13:05

mg/L USEPA-6020A 160963310.028 0.0050 DSCManganese 09/21/16 13:05

mg/L USEPA-6020A 160963310.0060 0.0050 DSCZinc 09/21/16 13:05

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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ANALYTICAL REPORT

R. Saichek

1609293

Laboratory Services

CH-19-81

Water

U.S. Army Corps of Engineers, Chicago

Calumet Harbor - CDF - WQM

Client:

Project:

Client Sample ID:

Lab Sample ID:

Matrix:

Work Order:

Description:

Sampled:

Sampled By:

Received:

1609293-14

09/16/16  08:30

09/15/16  12:40

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

Dilution 

Factor

QC 

BatchRLAnalyte Unit Method

Date Time

Analyzed By

Analytical

Result

pH Units SM 4500-H B-2011 1609727111.1 1.0 AMMpH 09/21/16 16:55

mg/L SM 4500-NH3 G-2011 160989222.2 0.020 LEWNitrogen, Ammonia 09/22/16 16:02

mg/L USEPA-351.2 Rev. 2.0 160975613.4 0.20 LEWNitrogen, Total Kjeldahl 09/23/16 11:02

mg/L SM 4500-P E-2011 160966110.1036 0.0050 HLPhosphorus, Total 09/21/16 10:49

mg/L SM 2540 C-2011 16096191558 50.0 HRLResidue, Dissolved @ 180° C 09/21/16 11:08

mg/L SM 2540 D-2011 1609588121.5 3.3 HRLResidue, Suspended 09/19/16 07:34

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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QUALITY CONTROL REPORT

Total Metals by EPA 6000/7000 Series Methods

RLQC Type Unit
Spike

% Rec.
Control
Limits RPD

RPD
Limits

Sample
Conc.

Spike
Qty. Result

Chromium/USEPA-6020AAnalyte:

09/21/2016 By: DSCQC Batch: 1609633 (3020A Digestion) Analyzed:

mg/L<0.0050Method Blank 0.0050

mg/L0.0500 80-120970.0487Laboratory Control Sample 0.0050

1609293-01   [BACK-001]

mg/L0.0500 75-125950.0480Matrix Spike 0.000435 0.0050

mg/L0.0500 2075-12591 50.0458Matrix Spike Duplicate 0.000435 0.0050

Manganese/USEPA-6020AAnalyte:

09/21/2016 By: DSCQC Batch: 1609633 (3020A Digestion) Analyzed:

mg/L<0.0050Method Blank 0.0050

mg/L0.0500 80-120950.0473Laboratory Control Sample 0.0050

1609293-01   [BACK-001]

mg/L0.0500 75-125950.0496Matrix Spike 0.00237 0.0050

mg/L0.0500 2075-12592 30.0481Matrix Spike Duplicate 0.00237 0.0050

Zinc/USEPA-6020AAnalyte:

09/21/2016 By: DSCQC Batch: 1609633 (3020A Digestion) Analyzed:

mg/L<0.0050Method Blank 0.0050

mg/L0.0500 80-120880.0438Laboratory Control Sample 0.0050

1609293-01   [BACK-001]

mg/L0.0500 75-125900.0448Matrix Spike <0.0050 0.0050

mg/L0.0500 2075-12587 30.0436Matrix Spike Duplicate <0.0050 0.0050

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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QUALITY CONTROL REPORT

Physical/Chemical Parameters by EPA/APHA/ASTM Methods

RLQC Type Unit
Spike

% Rec.
Control
Limits RPD

RPD
Limits

Sample
Conc.

Spike
Qty. Result

Nitrogen, Ammonia/SM 4500-NH3 G-2011Analyte:

09/22/2016 By: LEWQC Batch: 1609892 (Method Specific Preparation) Analyzed:

mg/L<0.010Method Blank 0.010

mg/L0.500 90-110930.467Laboratory Control Sample 0.010

1609293-01   [BACK-001]

mg/L0.500 90-110910.472Matrix Spike 0.0182 0.010

mg/L0.500 2090-11092 10.479Matrix Spike Duplicate 0.0182 0.010

Nitrogen, Total Kjeldahl/USEPA-351.2 Rev. 2.0Analyte:

09/23/2016 By: LEWQC Batch: 1609756 (351.2 TKN Digestion) Analyzed:

mg/L<0.20Method Blank 0.20

mg/L2.00 90-110941.88Laboratory Control Sample 0.20

1609293-01   [BACK-001]

mg/L2.00 90-110961.92Matrix Spike <0.20 0.20

mg/L2.00 2090-110102 62.03Matrix Spike Duplicate <0.20 0.20

Phosphorus, Total/SM 4500-P E-2011Analyte:

09/21/2016 By: HLQC Batch: 1609661 (4500-P B Phosphorus Digestion) Analyzed:

mg/L<0.0050Method Blank 0.0050

mg/L0.200 90-1101040.2089Laboratory Control Sample 0.0050

1609293-01   [BACK-001]

mg/L0.200 90-110950.1972Matrix Spike 0.0069 0.0050

mg/L0.200 2090-110102 70.2110Matrix Spike Duplicate 0.0069 0.0050

pH/SM 4500-H B-2011Analyte:

09/21/2016 By: AMMQC Batch: 1609703 (General Inorganic Prep) Analyzed:

1609293-01   [BACK-001]

pH Units 2018.00Duplicate 7.92 1.0

09/21/2016 By: AMMQC Batch: 1609704 (General Inorganic Prep) Analyzed:

1609293-08   [ND-002]

pH Units 200.28.25Duplicate 8.23 1.0

09/21/2016 By: AMMQC Batch: 1609727 (General Inorganic Prep) Analyzed:

1609293-13   [CH-18-81]

pH Units 200.410.86Duplicate 10.90 1.0

Continued on next page

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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QUALITY CONTROL REPORT

Physical/Chemical Parameters by EPA/APHA/ASTM Methods (Continued)

RLQC Type Unit
Spike

% Rec.
Control
Limits RPD

RPD
Limits

Sample
Conc.

Spike
Qty. Result

Residue, Dissolved @ 180° C/SM 2540 C-2011Analyte:

09/21/2016 By: HRLQC Batch: 1609619 (General Inorganic Prep) Analyzed:

mg/L<50.0Method Blank 50.0

mg/L200 85-11589178Laboratory Control Sample 50.0

1609293-14   [CH-19-81]

mg/L 53576Duplicate 558 50.0

Residue, Suspended/SM 2540 D-2011Analyte:

09/19/2016 By: HRLQC Batch: 1609588 (General Inorganic Prep) Analyzed:

mg/L<3.3Method Blank 3.3

mg/L200 88-104104209Laboratory Control Sample 24.8

1609293-14   [CH-19-81]

mg/L 51324.5Duplicate 21.5 3.3

09/22/2016 By: HRLQC Batch: 1609780 (General Inorganic Prep) Analyzed:

mg/L<3.3Method Blank 3.3

mg/L200 88-10497194Laboratory Control Sample 24.8

This report shall not be reproduced, except in full, without written authorization of Pace Analytical Services, Inc.

Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE  ¨  Grand Rapids, MI 49512  ¨  616.975.4500  ¨  Fax 616.942.7463  ¨  www.pacelabs.com
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DATA QUALITY ASSESSMENT WORKSHEET 
 
Project Name:  Chicago Area CDF, 15 Sep. 2016 
sampling event 

 

Reviewer:  Richard Saichek 

 
Sample Medium: Water 

 

Review Date: 06 Mar. 2017 
 

Brief Description of Project: Routine Monitoring Event at Chicago Area Confined Disposal Facility for WY 2016 
 
 
Objectives for Data Quality (See DQA Step 1): 
 
Documents Reviewed (check all that apply): 
 

 Scope of Work     Quality Assurance Project Plan     Data Quality Objectives   
 
Level of Review Required: 
 

 Level 1: (100% of analytical data, 100% of lab QC data) 

 Level 2: (20% of analytical data, 100% of lab QC data) 

 Level 3: (Only summary data of the laboratory analysis are evaluated) 

 Level 4: (No additional assessment of the data is performed. The Internal reviews performed by the laboratory are     

judged adequate for the project) 
 

 Other:  
 
Data Presence (See DQA Step 2): 
Are all the requested data present?  Yes   No (describe missing data) 

      

 
Holding Times (See DQA Step 3): 
 
Were all analyte specific holding times met?    Yes        No (list exceeded holding times) 

     Note that the pH measurements were within the holding time in the field, but the pH of the samples was also subsequently 
checked by the laboratory at a later time.  Since the pH is supposed to be measured within 15 minutes of sample collection, the 
subsequent measurements by the laboratory exceeded the holding time. 

 
Detection Limits (See DQA Step 4): 
 
Were all required detection limits met?   Yes        No (list exceeded detection limits and any explanation included in the lab report) 

The laboratory did not meet the detection limit for Total Suspended Solids (TSS) by SM 2540 D-2011, but there was only one sample, 
BACK-002, that was below the TSS detection limit of 1.1 mg/L.  This TSS detection limit was only 0.1 mg/L above the required TSS 
reporting limit (RL) of 1.0 mg/L.  No explanation was included in the laboratory report.  In addition, samples from the CDF pond (CDF-
001,-002, and -003) and both groundwater wells, CH-18-81 and CH-19-81, had TSS as well as nitrogen ammonia detection limits that 
slightly exceeded the required RLs.  If the laboratory detection limit is greater than the required RL and no concentration is detected, 
then it is a concern because the parameter could be present at a concentration above the required RL but below the laboratory's 
detection limit.  If a required RL was equivalent to a regulatory limit, and the laboratory's detection limit was above this required RL, 
then the concentration could potentially be over the regulatory limit but the laboratory would be unable to detect it.  However, it is 
common and often necessary to use dilutions or a higher laboratory detection limit when there are elevated parameter concentrations.  
If the laboratory detection limit is greater than the required RL and the concentration is detected, it is generally not a quality control 
concern because the concentration has been quantified.  As described above, there was only one parameter (TSS) and one sample 
(BACK-002) where the laboratory's detection limit exceeded the required RL and the concentration was not detected. 

 
  

Other:       

(     % of analytical data,         % of lab QC data) 
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DATA QUALITY ASSESSMENT WORKSHEET (Page 2) 
 
 
 
Field and Method Blanks (See DQA Step 5): 
 
Were field and method blanks run at the required frequency?  Yes   No (describe deficiencies) 

Field blanks were not specified, and method blanks were run at the required frequency for all the parameters. 

 
Were any quantifiable concentrations detected in the blanks?  No   Yes (which analytes were detected?) 

      
 
Matrix Spikes / Matrix Spike Duplicates (See DQA Step 6): 
 
Were the Matrix Spikes / Matrix Spike Duplicates run at the required frequency?    Yes    No (document any deficiencies) 

Are the % recoveries within the limits established by the acceptance criteria?         Yes    No (document any deficiencies) 

Are the relative % differences within the limits established by the acceptance criteria?    Yes   No (document any deficiencies) 
 

 
 
Field and Laboratory Duplicates (See DQA Step 7): 
 
Were the field and laboratory duplicates run at the required frequency?    Yes    No (document any deficiencies) 

Were the relative % differences within the limits established by the acceptance criteria?   Yes   No (document any deficiencies) 

The relative percent difference (RPD) for the duplicate TSS sample from the groundwater well CH-19-81 exceeded the control limit but 
the laboratory did not qualify the result. 

 
 
Laboratory Control Samples (See DQA Step 8): 

Were the laboratory control samples run at the required frequency?    Yes    No (document any deficiencies) 
Were the % recoveries (or other measures such as response factor, where appropriate) within the limits established by the acceptance 

criteria?    Yes    No (describe deficiencies) 

      
 
Surrogate Recoveries (See DQA Step 9): 
Were the surrogate spikes run at the required frequency and with the correct analytes?    Yes     No (document any deficiencies) 

Were the % recoveries within the limits established by the acceptance criteria?   Yes   No (document any deficiencies) 

(Not applicable because no surrogate recoveries spikes were required for this project.) 

 
Corrective Action Forms (See DQA Step 10): 
Are corrective action forms present for all deficiencies identified in the above steps?    Yes    No (document any deficiencies) 
 
Are corrective actions documented sufficient and appropriate?    Yes   No (document any deficiencies) 

(No corrective action forms were required for the steps identified above.) 

 
Related Laboratory Parameters (See DQA Step 11): 
Are all related laboratory parameters logical and reasonable?  (A more detailed discussion of this evaluation is found in the DQA 
Standard Operating Procedure)    Yes   No (document any deficiencies) 
 

. 
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DATA QUALITY ASSESSMENT WORKSHEET (Page 3) 
 

Reviewer’s Recommendation (See DQA Step 12): 

Based on the review items outlined here, acceptance of this data package is Recommended 

Is the data acceptable for its intended use?    Yes    No 

Reviewer’s Signature: 
 
If acceptance of the data package is not recommended, identify the deficiencies that must be corrected before the data package is 
accepted: 
 

 
 
Jun-2003 

      

      



 

 89 

Appendix C:  Standard Operating Procedure



 1 

Standard Operating Procedure 
for 

Routine Monitoring at Chicago CDF 
 

Introduction 
This is a Standard Operating Procedure (SOP) for conducting routine monitoring at the 
Chicago Confined Disposal Facility (CDF) in Chicago, Illinois.  This document outlines 
the steps and procedures that need to be conducted to successfully comply with the 
permit monitoring requirements of the CDF.  Most the steps and items in this document 
have been formatted as bullets in a checklist.  The user can check off each of the items 
as they are completed, thus keeping track of work remaining. 
 
One routine CDF water quality monitoring sampling event is performed annually, only 
during non-dredging years.  In other words, when the Chicago District conducts a 
dredging event, a more comprehensive water quality sampling program is implemented, 
and the annual routine water quality monitoring event is not performed.  During non-
dredging years, it will be necessary to prepare a scope of work (SOW) and then procure 
a contract for the collection and/or analysis of the water samples.  This process typically 
involves obtaining price quotations directly from analytical laboratories, or possibly 
procuring the contract through an alternative contracting mechanism.  If the contract is 
procured through the Environmental Engineering Section’s indefinite delivery contract, 
and the contractor would collect the samples, this SOP may be revised and utilized for 
preparing the scope of work.  The intent of this SOP is only for years in which the 
Environmental Engineering Section collects the routine water quality monitoring 
samples.  It is essential that the analytical laboratory is capable of performing all the test 
methods and meeting the required reporting limits specified by the Illinois EPA Water 
Pollution Control Permit.  The event should be scheduled early to allow for contracting 
as well as logistical and weather delays. 
 
� Become familiar with and check the pH meter(s) and water level indicator probe.  

These instruments require batteries and other maintenance as per their user’s 
manuals. 

 

Within 2 Weeks of Sampling 
� Obtain the sample bottles and coolers from the analytical laboratory. 
� Set up a sampling date and alternate weather date.  Keep in mind that the samples 

will not be delivered to the laboratory until the following day, and coordinate with the 
laboratory to ensure they are prepared and know when the samples are scheduled 
to arrive. 

� Schedule the sampling event, including an alternate weather day with the 
Operations Technical Support Branch (TS-C-T). 

� The sampling typically requires two (2) vessels; one boat for collecting water 
samples from Calumet Harbor and River, and a smaller boat for collecting 
water samples from the CDF pond. 
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� For events that will utilize the boats from TS-C-T, coordinate with TS-C-T to 
reserve the boats and schedule a boat operator. 

 
� Schedule/reserve the vehicles with logistics or possibly with TS-C-T. 

� Ensure the vehicles have adequate space for the sample coolers and 
equipment (might have to reserve an additional vehicle). 

� If necessary, prepare a credit card purchase request and commitment (PR&C) for 
miscellaneous sampling supplies, such as zip-lock bags (one per sampling bottle), 
paper towels, ice, batteries for pH meter, sunscreen, rope for bailing wells, 
disposable and chemical resistant sampling gloves, hand wipes, etc. 

Within 1 Week of Sampling 
� Double-check bottle shipments to make sure the bottles shipped reflect (1) the 

correct number of samples, and (2) the correct analytical parameters. 
� Mark the bottles with the information which can be included such as sample ID #, 

grab or composite, and preservative.  Date and time are to be entered when the 
samples are collected in the field. 

� Group the marked bottles in the coolers, keeping two separate sets -- one set for the 
Lake Michigan sampling (background, ND for near dike, and river samples) and 
another set for the CDF (CDF pond and well samples).  

� Take an inventory of the supplies shipped by the laboratory, such as the number of 
coolers, chain of custody forms, custody seals, and bubble wrap, and ensure there is 
shipping information for returning the samples to the laboratory. 

� Ensure there are enough coolers and there is sufficient space for the ice. 
� Check all equipment, such as the pH meter and water level indicator, Kemmerer 

tubes, and thermometers to verify they are functioning properly.  The pH meter 
needs to be calibrated, and the electrical field instruments must have adequate 
battery power, or insert new batteries. 

� Go through the equipment and supplies checklist.  Items should be assembled in a 
location selected to minimize the gathering of equipment on the day of sampling.  
Check off each item on the checklist as it is obtained or confirmed.   

� Coordinate with sampling team members to verify they are familiar with the health 
and safety plan (HASP) and they are prepared and will bring identification to show to 
the Illinois International Port District security. 

� Exchange cell phone numbers with other team members. 
� Check the marine weather report and, if necessary, discuss the meeting place and 

time. 
 

Day of Sampling 
� Check the marine weather report.  The boat utilized for sampling in Calumet Harbor 

and River is typically launched at Calumet Park (south of Iroquois Landing). 
� Load all the equipment and supplies (water level indicator, meters, coolers, etc.) into 

the vehicles. 
� Purchase ice to keep samples cool during sampling. 
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Lake Michigan Samples (BACK-001, BACK-002, BACK-003, ND-Comp-001, ND-Comp-
002, ND-Comp-003, RIV-001, RIV-002, and RIV-003) 
� Prior to collection of each sample, open the Kemmerer bottle and fully submerge 

and empty the bottle to wash out any residual water from previous sampling. 
� Care should be taken to face the boat into the wind, so that exhaust is not blowing 

into the sampling location. 
� For the field log, note the wind direction, wave height, and air temperature for the 

day.  If conditions change, note the time and new conditions.  It should be noted in 
the field log if a barge goes by when a sample is being collected.   

� Measure depth at each location (use boat’s depth finder).  Samples should be 
collected from a depth equal to 1/3 the distance from the water surface to the 
bottom.  For example, if the water depth is 12 feet, the sample should be collected 
from a depth of 4 feet below the water surface. 

� At the same depth that the sample was collected, obtain pH and temperature 
readings.  Then record the time, depth, pH, and temperature readings in the field 
log. 

� In the field log, note the wave height, wind direction, and if a barge passes by during 
sampling (identify sampling point).   

� Sample collection method: 
� Grab samples (Riv-001, Riv-002, Riv-003, Back-001, Back-002, and Back-003) 

should be deposited directly from the Kemmerer tubes into the sample 
containers.  Do not overfill the sample containers; this will wash out the 
preservative. 

� For Composite samples such as ND-Comp-001, collect 2 Kemmerer bottles from 
location ND-001 and place them in a clean 5 gallon bucket, collect 2 Kemmerer 
bottles from location ND-002 and 2 Kemmerer bottles from location ND-003, also 
placing them in the same 5 gallon bucket with ND-001.  Since the water is being 
placed in the bucket, it is permissible to empty the Kemmerer by opening it in the 
bucket.  Do not overfill the sample containers; this will wash out the preservative.  
Obtain and record the pH and temperature readings, as well as the sample depth 
and time at each sub-sample location. 
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ND-001 ND-002 ND-003

clean
5-gallon
bucket

Sample
bottles

2 Kemmerer
bottles

 
 

 

CDF Surface Water Samples (CDF-001, CDF-002, and CDF-003) 
� Launch the small boat from the land bridge near the southern end of the CDF. 
� Prior to collection of each sample, open the Kemmerer bottle and fully submerge 

and empty the bottle to wash out any residual water from previous sampling. 
� Collect water samples from approximately 3 feet below the water surface. 
� At the same depth that the sample was collected, obtain pH and temperature 

readings.  Record the time, depth, pH and temperature in the field log. 

CDF Well Samples (CH-18-81 and CH-19-81) 
At each of the landing wells perform the following steps.  Use the field log to record the 
information from each well. 
1. Record the well number and time; 
2. Using the water level indicator, measure and record the water surface elevation 

(distance from the top of the PVC casing to the top of the water in the well).  
Measure and record the well depth (from the top of the PVC casing to the bottom of 
the PVC casing). Both should be in feet and tenths of feet; not inches. 

3. Calculate the height of the water column (well depth minus water surface elevation). 
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4. Calculate the volume of water to be purged by multiplying by the factor 0.51.  The 
factor takes into account the diameter of the well and 3 well volumes. 

5. Attach the appropriate length of rope to the disposable bailer or cut the rope after the 
bailer is at the bottom of the well.  Purge the well using a disposable bailer.  Use a 
plastic 5-gallon bucket to gauge the volume of water removed to determine when 
purging is complete.  If the well goes dry or becomes very cloudy, stop purging.  
Note any unusual conditions. 

6. Collect the sample.  Carefully pour the sample from the bailer directly into the 
sample bottle.  Be careful not to overfill the sample bottle, as this will wash out the 
preservative.  Fill in the date and time on the bottle. 

7. Measure and record the pH and temperature. 
 
� Enclose each individual sample bottle in an individual zip-lock bag.  The sample 

bottles are then to be placed into the coolers and covered with sufficient ice to 
preserve the samples and maintain a temperature of 4 degrees Centigrade.  Each 
cooler should contain a temperature blank that will be measured during sample 
check-in at the laboratory. 

� After all the samples are collected, prepare the Chain-of-Custody forms.  After the 
forms are completed and signed, the customer copy is retained, and the remaining 
forms are placed into zip-lock bags and attached with tape to the inside of the top of 
the cooler.  The coolers are then sealed with packaging tape, and custody seals are 
placed across the top and main body sections of each cooler, so that the custody 
seals will break when the coolers are opened. 

� The coolers then need to be taken to the delivery service (typically Fed-Ex) that will 
transport them back to the laboratory.  Ensure the shipping labels and paperwork is 
properly filled out and includes contact information. 

� Dry off the Kemmerer tubes prior to storage, and return all the equipment and 
supplies to the storage locker. 
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Supply Checklist 
 
� Binder with Standard Operating Procedure (SOP) and Health and Safety Plan 

(HASP) 
� Field log (all weather paper) 
� Pens and Sharpies (all weather) 
� Clipboard 
� Check to ensure reservation of vehicle(s) and vessels 
� Personal floatation device (jacket or vest) for each sampling team member 
� Goggles or safety glasses (tinted) 
� Sunscreen and insect repellent 
� Chemically resistant gloves (disposable-nitrile) and leather gloves and/or liners if 

necessary – yellow slip-on sleeve protectors 
� Hand wipes and/or paper towels 
� Keys for access to CDF and/or wells 
� Coolers and sample bottles* 
� Zip-lock bags – one for each sample bottle 
� Temperature blanks for each cooler 
� Kemmerer tubes (two (2) of them) 
� pH meters and thermometers 
� One (1) five (5)-gallon plastic bucket for composite samples 
� Tape with a weight for depth measurement 
� Wrench and/or pliers for opening well caps 
� Water level indicator 
� Bailers for wells 
� Sufficient rope for attaching to bailers for wells 
� Ice 
� Chain-Of-Custody forms and Custody Seals 
� Shipping information and labels for returning coolers to laboratory 
� Packing tape 
� Scissors or knife for cutting packing tape 
 
 
*Typically there are three (3) plastic sample bottles for each water quality sample; one (1) sample bottle 
for metals (contains nitric acid for preservative), one (1) sample bottle for total Kjeldahl nitrogen (TKN) 
and ammonia nitrogen (contains sulfuric acid for preservative), and one (1) sample bottle for total 
dissolved solids (TDS) and total suspended solids (TSS) (does not contain a preservative).  Coolers 
should have Material Safety Data Sheets (MSDSs) for the preservatives. 
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Appendix D:  Field Log with the pH and Temperature 



Field Log for Routine Monitoring, Chicago Area CDF 

Date:   15 Sep. 2016 

Wind and Direction: 8 - 15 
knots, from East Southeast Wave Height: 1 – 2 feet Air Temp.: 67 - 69 °F (19.4 – 20.6°C) 

Time Sampling 
Depth (ft) 

pH Temp 
(°C) 

DO 
(ppm) 

Comments 

BACK-001 10:58 5’ 8.06 21.6 
BACK-002 11:05 6’ 8.20 21.8 
BACK-003 11:20 5’ 7.81 21.1 
ND-Comp-001 10:28 ------- 8.26 21.5 ------- 
     ND-001 10:27 4’ 8.26 21.6 
     ND-002 10:24 6’ 8.22 21.5 
     ND-003 10:20 4’ 8.19 21.5 
ND-Comp-002 10:13 ------- 8.18 21.3 ------- 
     ND-004 10:12 5’ 8.08 21.3 
     ND-005 10:09 5’ 8.07 21.3 
     ND-006 10:05 5’ 8.05 21.3 
ND-Comp-003 09:57 ------- 8.00 21.1 ------- 
     ND-007 09:56 5’ 8.00 21.2 
     ND-008 09:52 4’ 7.98 21.2 
     ND-009 09:41 4’ 7.95 21.2 

RIV-001 10:32 10’ 8.25 21.8 
RIV-002 10:39 11’ 7.95 21.6 
RIV-003 10:44 11’ 8.28 21.9 
CDF-001 14:00 surface 7.14 24.4 Near culvert in south cell 
CDF-002 14:05 surface 7.19 24.1 Near pump house 
CDF-003 14:10 surface 7.21 24.3 Middle of western edge 

Groundwater Monitoring Wells 
Time Water 

Surface 
Elevation,(ft) 

Well 
Depth, 

(ft) 

pH Temp 
(°C) 

DO 
(ppm) 

Comments 

CH-18-81 13:30 6.0’ 12.6’ 11.27 17.9 
CH-19-81 12:40 12.5’ 20.7’ 11.30 15.9 

Conversion factor = 0.51 gallons = 3 well volumes times 1 ft of 2” OD pipe 
Calculating purge volume of 3 well volumes: 

CH-18-81 = 0.51 x water column (      6.6_ft) ≅      3.3    gallons 
CH-19-81 = 0.51 x water column (      8.2  ft) =      4.1    gallons 

Sample Collectors:    Richard Saichek, Kelly Granberg, AmyKryston, and Matt Shanks (Boat Operator – Adam 
Borrelli)  

Additional Comments:   ___________________________________________________________________ 
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Appendix E:  Statistical Analysis 
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Table E1 – Data and Summary of ProUCL Results from Routine Monitoring Event on 15 Sep. 2016 

Parameters 
ND-COMP- BACK- 

ProUCL WMW 001 002 003 001 002 003 
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Chromium <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 N/A 
Manganese <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 N/A 
Zinc <0.0050 0.0056 <0.0050 <0.0050 <0.0050 <0.0050 N/A 
Ammonia 0.023 0.011 0.033 0.018 0.015 0.018 Do Not Reject H0, Conclude Sample 1 <= Sample 2 
TKN <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 N/A 
Phosphorus 0.0086 0.0086 0.0084 0.0069 0.0070 0.0080 Reject H0, Conclude Sample 1 > Sample 2 
TSS 1.2 1.8 1.6 1.5 <1.1 1.2 Do Not Reject H0, Conclude Sample 1 <= Sample 2 
TDS 194 234 188 190 190 206 Do Not Reject H0, Conclude Sample 1 <= Sample 2 

Notes:  The “<” symbol indicates concentration was not detected and the listed concentration is the reporting limit. 
N/A = No statistical analysis could be performed for this parameter because there were no detected concentrations in at least one of the groups. 
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Table E2a – ProUCL Output from Routine Monitoring Event on 15 Sep. 2016 
Wilcoxon-Mann-Whitney Sample 1 vs Sample 2 Comparison Test for Uncensor Full Data Sets without NDs 

Parameter = Ammonia Nitrogen 
User Selected Options 

 

Date/Time of Computation    2/15/2017 12:17:28 PM 
From File    2017-02-15_Rtn_Mon_Sprdsht_input.xls 

Full Precision    OFF 
Confidence Coefficient    95% 
Substantial Difference    0.000 

Selected Null Hypothesis    Sample 1 Mean/Median <= Sample 2 Mean/Median (Form 1) 
Alternative Hypothesis    Sample 1 Mean/Median > Sample 2 Mean/Median  

 

Sample 1 Data: ND_NH3 
Sample 2 Data: Back_NH3  

Raw Statistics  
Sample 1 Sample 2 

Number of Valid Observations           3       3  
Number of Distinct Observations           3       2  

Minimum          0.011      0.015  
Maximum          0.033      0.018  

Mean          0.0223      0.017  
Median          0.023      0.018  

SD          0.011     0.00173  
SE of Mean         0.00636 1.0000E-3   

Wilcoxon-Mann-Whitney (WMW) Test  

H0: Mean/Median of Sample 1 <= Mean/Median of Sample 2  

Sample 1 Rank Sum W-Stat      12 
  

WMW U-Stat       6 
  

Mean (U)       4.5 
  

SD(U) - Adj ties       2.291 
  

WMW U-Stat Critical Value (0.05)        8 
  

Standardized WMW U-Stat       0.443 
  

Approximate P-Value       0.329 
  

 

Conclusion with Alpha = 0.05 
    Do Not Reject H0, Conclude Sample 1 <= Sample 2 
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Table E2b – ProUCL Output from Routine Monitoring Event on 15 Sep. 2016 
Wilcoxon-Mann-Whitney Sample 1 vs Sample 2 Comparison Test for Uncensor Full Data Sets without NDs 

Parameter = Phosphorus 
User Selected Options 

 

Date/Time of Computation    2/15/2017 12:24:25 PM 
From File    2017-02-15_Rtn_Mon_Sprdsht_input.xls 

Full Precision    OFF 
Confidence Coefficient    95% 
Substantial Difference    0.000 

Selected Null Hypothesis    Sample 1 Mean/Median <= Sample 2 Mean/Median (Form 1) 
Alternative Hypothesis    Sample 1 Mean/Median > Sample 2 Mean/Median  

 

Sample 1 Data: ND_P 
Sample 2 Data: BACK_P  

Raw Statistics  
Sample 1 Sample 2 

Number of Valid Observations           3       3 
 

Number of Distinct Observations           2       3 
 

Minimum         0.0084     0.0069 
 

Maximum         0.0086     0.008 
 

Mean         0.00853     0.0073 
 

Median         0.0086     0.007 
 

SD     1.1547E-4 6.0828E-4 
 

SE of Mean     6.6667E-5 3.5119E-4 
 

 

Wilcoxon-Mann-Whitney (WMW) Test  

H0: Mean/Median of Sample 1 <= Mean/Median of Sample 2  

Sample 1 Rank Sum W-Stat      15 
  

WMW U-Stat       9 
  

Mean (U)       4.5 
  

SD(U) - Adj ties       2.291 
  

WMW U-Stat Critical Value (0.05)        8 
  

Standardized WMW U-Stat       1.771 
  

Approximate P-Value      0.0383 
  

 

Conclusion with Alpha = 0.05 
    Reject H0, Conclude Sample 1 > Sample 2  
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Table E2c – ProUCL Output from Routine Monitoring Event on 15 Sep. 2016 
Wilcoxon-Mann-Whitney Sample 1 vs Sample 2 Comparison Test for Data Sets with Non-Detects 

Parameter = Total Suspended Solids 
User Selected Options 

 

Date/Time of Computation    3/17/2017 9:41:11 AM 
From File    2017-02-15_Rtn_Mon_Sprdsht_input.xls 

Full Precision    OFF 
Confidence Coefficient    95% 

Selected Null Hypothesis    Sample 1 Mean/Median <= Sample 2 Mean/Median (Form 1) 
Alternative Hypothesis    Sample 1 Mean/Median > Sample 2 Mean/Median  

 

Sample 1 Data: ND_TSS 
Sample 2 Data: Back_TSS  

Raw Statistics  
Sample 1 Sample 2 

Number of Valid Data           3       3 
 

Number of Non-Detects           0       1 
 

Number of Detect Data           3       2 
 

Minimum Non-Detect         N/A           1.1 
 

Maximum Non-Detect         N/A           1.1 
 

Percent Non-detects     0.00% 33.33% 
 

Minimum Detect           1.2       1.2 
 

Maximum Detect           1.8       1.5 
 

Mean of Detects      1.533       1.35 
 

Median of Detects           1.6       1.35 
 

SD of Detects       0.306       0.212 
 

 

Wilcoxon-Mann-Whitney (WMW) Test  

H0: Mean/Median of Sample 1 <= Mean/Median of Sample 2  

Sample 1 Rank Sum W-Stat      13.5 
  

WMW U-Stat       7.5 
  

Mean (U)       4.5 
  

SD(U) - Adj ties       2.291 
 

WMW U-Stat Critical Value (0.05)        8 
  

Standardized WMW U-Stat       1.107 
 

Approximate P-Value       0.134 
 

 

Conclusion with Alpha = 0.05 
    Do Not Reject H0, Conclude Sample 1 <= Sample 2 
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Table E2d – ProUCL Output from Routine Monitoring Event on 15 Sep. 2016 
Wilcoxon-Mann-Whitney Sample 1 vs Sample 2 Comparison Test for Uncensor Full Data Sets without NDs 

Parameter = Total Dissolved Solids 
User Selected Options 

 

Date/Time of Computation    2/15/2017 12:26:52 PM 
From File    2017-02-15_Rtn_Mon_Sprdsht_input.xls 

Full Precision    OFF 
Confidence Coefficient    95% 
Substantial Difference    0.000 

Selected Null Hypothesis    Sample 1 Mean/Median <= Sample 2 Mean/Median (Form 1) 
Alternative Hypothesis    Sample 1 Mean/Median > Sample 2 Mean/Median  

 

Sample 1 Data: ND_TDS 
Sample 2 Data: Back_TDS  

Raw Statistics  
Sample 1 Sample 2 

Number of Valid Observations           3       3 
 

Number of Distinct Observations           3       2 
 

Minimum        188    190 
 

Maximum        234    206 
 

Mean        205.3    195.3 
 

Median        194    190 
 

SD        25.01       9.238 
 

SE of Mean          14.44       5.333 
 

 

Wilcoxon-Mann-Whitney (WMW) Test  

H0: Mean/Median of Sample 1 <= Mean/Median of Sample 2  

Sample 1 Rank Sum W-Stat      11 
  

WMW U-Stat       5 
  

Mean (U)       4.5 
  

SD(U) - Adj ties       2.291 
 

WMW U-Stat Critical Value (0.05)        8 
  

Standardized WMW U-Stat       0 
  

Approximate P-Value       0.5 
  

 

Conclusion with Alpha = 0.05 
    Do Not Reject H0, Conclude Sample 1 <= Sample 2 
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Table E3a – Data and Student’s t Results from Routine Monitoring Event on 15 Sep. 2016 
Analytical Parameter: Ammonia (mg/L)   

      
 BACK ND-Comp Riv CDF CH 

001 0.018 0.02 0.03 0.075 2.6 
002 0.015 0.01 0.028 0.064 2.2 
003 0.018 0.03 0.03 0.078  

      
Completeness OK OK OK OK incomplete 

Count 3 3 3 3 2 
df 2 2 2 2 1 

mean 0.01700 0.02233 0.02933 0.07233 2.40000 
standard deviation 0.00173 0.01102 0.00115 0.00737 N/A 

sample variance 3.00E-06 1.21E-04 1.33E-06 5.43E-05 N/A 
alpha = 0.05     

      
pooled S BACK ND-Comp Riv CDF CH 

BACK           
ND-Comp 0.00788         

Riv 0.00147 0.00783       
CDF 0.00535 0.00937 0.00528     

CH N/A N/A N/A N/A   
       
      

calculated t BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp 0.828         
Riv 10.262 1.095       

CDF 12.657 6.534 9.982     
CH N/A N/A N/A N/A   

       
      

student's t BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp 2.776         
Riv 2.776 2.776       

CDF 2.776 2.776 2.776     
CH N/A N/A N/A N/A   

       
      

Comparison BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp OK         
Riv Reject Ho OK       

CDF Reject Ho Reject Ho Reject Ho     
CH N/A N/A N/A N/A   
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Table E3b – Data and Student’s t Results from Routine Monitoring Event on 15 Sep. 2016 
Analytical Parameter: Phosphorus (mg/L)   

      
 BACK ND-Comp Riv CDF CH 

001 0.0069 0.0086 0.0074 0.0339 0.0191 
002 0.007 0.0086 0.0079 0.0192 0.1036 
003 0.008 0.0084 0.0074 0.0184  

      
Completeness OK OK OK OK incomplete 

Count 3 3 3 3 2 
df 2 2 2 2 1 

mean 0.00730 0.00853 0.00757 0.02383 0.06135 
standard deviation 0.00061 0.00012 0.00029 0.00873 N/A 

sample variance 3.70E-07 1.33E-08 8.33E-08 7.62E-05 N/A 
alpha = 0.05     

      
pooled S BACK ND-Comp Riv CDF CH 

BACK           
ND-Comp 0.00044         

Riv 0.00048 0.00022       
CDF 0.00619 0.00617 0.00617     

CH N/A N/A N/A N/A   
       
      

calculated t BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp 3.450         
Riv 0.686 -5.385       

CDF 3.273 3.036 3.227     
CH N/A N/A N/A N/A   

       
      

student's t BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp 2.776         
Riv 2.776 2.776       

CDF 2.776 2.776 2.776     
CH N/A N/A N/A N/A   

       
      

Comparison BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp Reject Ho         
Riv OK Reject Ho       

CDF Reject Ho Reject Ho Reject Ho     
CH N/A N/A N/A N/A   
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Table E3c – Data and Student’s t Results from Routine Monitoring Event on 15 Sep. 2016 
Analytical Parameter: TSS (mg/L)   

      
 BACK ND-Comp Riv CDF CH 

001 1.5 1.2 2.5 7.3 6.9 
002 <1.1 1.8 1.2 5.2 21.5 
003 1.2 1.6 1.5 8.0 <1.0 

      
Completeness incomplete OK OK OK incomplete 

Count 2 3 3 3 2 
df 1 2 2 2 1 

mean 1.35000 1.53333 1.73333 6.83333 14.20000 
standard deviation N/A 0.30551 0.68069 1.45717 N/A 

sample variance N/A 9.33E-02 4.63E-01 2.12E+00 N/A 
alpha = 0.05     

      
pooled S BACK ND-Comp Riv CDF CH 

BACK           
ND-Comp N/A         

Riv N/A 0.52757       
CDF N/A 1.05277 1.13725     

CH N/A N/A N/A N/A   
       
      

calculated t BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp N/A         
Riv N/A 0.464       

CDF N/A 6.166 5.492     
CH N/A N/A N/A N/A   

       
      

student's t BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp N/A         
Riv N/A 2.776       

CDF N/A 2.776 2.776     
CH N/A N/A N/A N/A   

       
      

Comparison BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp N/A         
Riv N/A OK       

CDF N/A Reject Ho Reject Ho     
CH N/A N/A N/A N/A   
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Table E3d – Data and Student’s t Results from Routine Monitoring Event on 15 Sep. 2016 
Analytical Parameter: TDS (mg/L)   

      
 BACK ND-Comp Riv CDF CH 

001 190 194 202 444 1900 
002 190 234 222 432 558 
003 206 188 194 440 <50.0 

      
Completeness OK OK OK OK incomplete 

Count 3 3 3 3 2 
df 2 2 2 2 1 

mean 195.33333 205.33333 206.00000 438.66667 1229.00000 
standard deviation 9.23760 25.00667 14.42221 6.11010 N/A 

sample variance 8.53E+01 6.25E+02 2.08E+02 3.73E+01 N/A 
alpha = 0.05     

      
pooled S BACK ND-Comp Riv CDF CH 

BACK           
ND-Comp 18.85029         

Riv 12.11060 20.41241       
CDF 7.83156 18.20256 11.07550     

CH N/A N/A N/A N/A   
       
      

calculated t BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp 0.650         
Riv 1.079 0.040       

CDF 38.054 15.700 25.729     
CH N/A N/A N/A N/A   

       
      

student's t BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp 2.776         
Riv 2.776 2.776       

CDF 2.776 2.776 2.776     
CH N/A N/A N/A N/A   

       
      

Comparison BACK ND-Comp Riv CDF CH 
BACK           

ND-Comp OK         
Riv OK OK       

CDF Reject Ho Reject Ho Reject Ho     
CH N/A N/A N/A N/A   
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