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TO: Pablo Valentin, U.S. Environmental Protection Agency 
 Beth Olson, Wisconsin Department of Natural Resources 
 
CC: Jeff Lawson, Lower Fox River Remediation LLC 
 Sue O’Connell, Lower Fox River Remediation LLC 
 Bryan Heath, NCR Corporation 
 George Berken, Boldt Technical Services 
 Gary Kincaid, Wisconsin Department of Natural Resources 
 Denis Roznowski, Foth 
 Troy Gawronski, Foth 
 
FR: Tara Van Hoof, Foth 
 Steve Lehrke, Foth 
 
RE: Lower Fox River OU4 COMMP Cap Integrity Assessment - Year 2  
 
Background  

Lower Fox River Remediation LLC (LLC) retained Foth Infrastructure & Environment, 
LLC (Foth) to document the methodology employed for and the results of the Year 2 
hydrographic survey in compliance with requirements of the Lower Fox River Remedial 
Design Cap Operations, Maintenance, and Monitoring Plan (COMMP) for the Lower 
Fox River Operable Units 2-5 (Anchor QEA and Tetra Tech EC, 2009), which was 
approved by the Agencies/Oversight Team (A/OT) on April 22, 2009.  The COMMP 
describes post-placement cap monitoring activities that will be performed to provide a 
high level of assurance that the engineered caps retain their physical integrity and 
protectiveness over time.  The COMMP also outlines contingency response actions that 
will be implemented if the engineered caps do not meet performance standards. 
 
On June 29, 2011, the LLC met with representatives of the A/OT to discuss the COMMP 
and gain concurrence on the methods to be employed for monitoring of the engineered 
caps.  Discussions during this meeting refined and clarified several items such as 
monitoring requirements and schedule.  Meeting minutes for this meeting were drafted by 
Tetra Tech EC (TtEC) and accepted by the A/OT, on August 4, 2011, and were included 
as Attachment 1 in Foth’s June 22, 2015 memorandum regarding “LFR OU4 COMMP 
Hydrographic Survey-Year Zero” (Foth, 2015) (herein referred to as the “Year 0 memo”).   
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As part of the COMMP requirements for OU3-5, routine monitoring of all caps by 
geophysical methods (including sub-bottom profiling and/or hydrographic survey) will be 
completed at the agreed to frequency.  Further, the COMMP states the first routine 
monitoring of completed engineered caps shall be completed 2 years post-construction 
(denoted as the “Year 2 survey”).  This routine monitoring includes the completion of a 
hydrographic survey to analyze the top of engineered cap elevations and the change in 
that surface, if any, over time.  In order to evaluate the change in top of cap elevation 
over time, a baseline or reference point needed to be established.  Baseline cap elevations 
were established by completing a hydrographic survey of caps placed in OU4 in 2013-
2014 following completion of construction, totaling approximately 52.3 acres.  The 
hydrographic survey documenting the baseline conditions has been termed the “Year 0” 
survey.  The locations of the 52.3 acres of capped areas in OU4 placed in 2013-2014 are 
illustrated on Figure 1. 
 
To supplement the hydrographic surveys for determining if erosion of the armor layer 
over more than 5% of a cap certification unit (CCU) has occurred (a requirement of the 
COMMP), the cap areas are assessed using a poling/probing survey each time a routine 
(or river flow event-triggered) hydrographic survey is completed.  The main objectives of 
the poling/probing survey is to determine if the armor stone layer is intact (i.e., present) 
and how much, if any, cap settlement and/or sediment deposition has occurred since 
placement of the caps.  If the top of cap elevation has lowered since its original 
installation, but physical poling/probing confirms the armor stone remains present, it will 
be concluded that the sediment underlying the cap has consolidated causing the surface of 
the cap to subside rather than that the cap has eroded.   
 
This memorandum presents the methods utilized and the results of comparing the Year 2 
to the Year 0 hydrographic surveys, as well as of the Year 2 poling/probing survey for the 
52.3 acres of caps placed in OU4 through 2014.  In addition, integrating sediment 
deposition measurements into hydrographic survey elevation data, this memorandum 
compares the Year 0 and Year 2 top of cap elevations and assesses if more than 5% of 
any CCU has experienced erosion or other damage that will not allow it to function as 
designed. 
 
Finally, this memorandum provides the results of an evaluation of the 20-year and 100-
year recurrence-interval flow rates for OU4.  The COMMP requires:  “In addition to the 
scheduled monitoring of all capped areas in OU3-5, supplemental bathymetric surveys 
will be performed only in “sentinel” capping areas following major river-flow 
events…that may have a significant impact on river hydrodynamics…Sentinel cap area 
monitoring will be performed within 1 year following a river flow (combined flood and 
seiche discharge) event with a recurrence interval of 20 years or more…Hourly average 
flows exceeding the 20-year return-interval flow rate (i.e., 21,000 cfs for OU3 and 
22,100 cfs for OU4) will be used to trigger the supplemental bathymetric surveys.”  
Furthermore, the COMMP requires:  “If cap integrity and performance are verified under 
a 20-year flow event, follow-on event-based cap monitoring will occur following a  
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100-year flow event (e.g., 25,500 cfs for OU4).”  Sentinel capping areas are described 
further in the COMMP. 
 
In addition to the high flow-event based monitoring, the COMMP requires:  
“Supplemental bathymetric surveys will also be performed within 1 year following major 
river construction events (e.g., new bridge construction) and/or within 1 year following 
the occurrence of low-water elevations (defined as the lowest monthly average within a 
given water year, April to March) that are more than 1 foot below the low-water 
elevations used to develop the cap designs (see Section 3.2 of the COMMP)…If cap 
integrity and performance are verified following water level conditions that are more than 
1 foot below the design low-water elevation, follow-on event-based cap monitoring will 
occur following water level conditions that are more than 2 feet below the design low-
water elevation (see Section 3.2 of the COMMP)... Lake Michigan water levels are 
currently measured at the National Oceanic and Atmospheric Administration (NOAA) 
gaging station near the mouth of Green Bay (Station No. 9087079).  Annual low-water 
elevations (defined as the lowest monthly average within a given water year) from the 
NOAA gaging station will be assessed each April after typical annual low water periods 
between November and March.  If the gage records indicate that the monthly average for 
any month during the previous water year (April to March) was more than 1 foot below 
the remedial design (RD) baseline water elevation (576.6 feet NAVD88 outside of the 
navigation channel and 577.6 feet NAVD88 in the navigation channel in OU 4), 
supplemental bathymetric surveying will be triggered for the following fall after the 
spring flood season and summer recreational boating season.”   
 
The LLC has verified that, since April 2014, water levels in OU4 have not met these low 
level thresholds and therefore are not further discussed in this memorandum (refer to the 
table and graph provided in Attachment A).  
 
Year 0 (2014) Hydrographic Survey  

On November 13 and 14, 2014, J.F. Brennan Company (Brennan) completed 
hydrographic surveys of approximately 52.3 acres of engineered caps in OU4 in 
accordance with the COMMP.  Foth audited Brennan’s surveys.  Auditing reports for the 
completion of these surveys are included as Attachment 2 of Foth’s Year 0 memo (Foth, 
2015). 
 
The hydrographic survey data collected for the Year 0 cap monitoring indicated that the 
cap aggregates in place met the performance standards set forth in the Lower Fox River 
Remedial Design 100% Design Report (Tetra Tech et al., 2009) and the COMMP, and 
with one exception, no irregularities were identified.  The exception was the isometric 
view for CA27AB (Figure 13B of the Year 0 memo).  Linear irregularities were evident 
in the isometric view on the north east end of the cap.  Foth investigated the potential 
causes for these linear irregularities and found that multiple pipelines used for dredging 
and/or spreading operations were traversing this cap area at the time of the survey data 
collection.  The Year 0 surveys were accepted by A/OT to serve as the baseline for future 
surveys to assess long-term cap performance, as indicated and discussed in further detail 
in the Year 0 memo.  
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To supplement the Year 0 survey information, cap thickness verification data, prepared 
by TtEC (Attachment 3 of the Year 0 memo), was reviewed.  These data indicate that 
when applying A/OT-approved statistical procedures (i.e., summary statistics), the 
minimum cap aggregate thicknesses were achieved in all cases when the caps were 
placed. 
 
Year 2 (2016) Hydrographic Survey 

The subsequent routine post-cap monitoring event, required by the COMMP (Year 2), 
was completed on October 18, 19, and 25, 2016 and December 1, 2016 over the 
52.3 acres of engineered caps placed in OU4 during 2013 and 2014, following nearly 
identical protocols summarized for Year 0 above (variations from the Year 0 methods are 
noted) and as described in more detail in the remainder of this memorandum, as well as 
in the COMMP.   
 
The vast majority of the caps are in areas with water depths of greater than 3 feet; 
therefore, a multi-beam survey system was utilized to provide a high degree of accuracy 
and coverage, with the exception of Cap Areas CBD23-27, CAD118, and CB33.  Cap 
Areas CBD23-27, CAD118, and CB33 were surveyed on October 25, 2016 using single-
beam survey technology due to the water being too shallow for multi-beam survey 
equipment.  The multi-beam survey work was conducted using a 400 kilohertz (KHz) 
acoustical system and the single-beam work a 200 KHz system.  All survey work was 
performed by Brennan and audited by Foth.  The hydrographic survey audit forms are 
provided in Attachment B.  The survey work, including survey control check-in and 
check-out procedures and hydrographic survey QC procedures, were carried out in 
compliance with the OU2-5 Quality Assurance Project Plan (TtEC, et al., 2016) and 
industry standards.  The Foth auditor reviewed the results of the performance and patch 
tests for compliance with hydrographic survey specifications and industry standards.  
Foth obtained raw survey files and gridded survey files (2 feet x 2 feet) from Brennan in 
a format consistent with the 2014 Year 0 survey of the same area.  The Year 2 survey 
information was processed and plotted by Foth for visual review to identify failing or 
damaged cap areas.   
  
Results from the Year 2 hydrographic survey have been compared to the baseline 
(Year 0) to assess integrity of the caps, which is discussed below in the Cap Integrity 
Assessment section. 
 
Poling/Probing Evaluation 

To better compare elevation changes in the capped surface over time, Foth collected 
poling/probing measurements to determine if and to what extent sediment deposition 
occurred between Year 0 and Year 2.  When sediment deposition thickness was 
measured, the presence of the armor layer was also verified by poling through sediment, 
if present, and “feeling” the armor layer with the poling rod (probing). 
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Statistical Determination of Poling/probing Locations 
The appropriate number of poling/probing locations to be occupied is determined using 
statistical confidence limits with a lower 95% confidence limit targeted as described in 
the following paragraph.  This methodology was previously presented in the November 1, 
2016 memorandum Lower Fox River OU2-5 - OU4 COMMP Armored Cap Poling/ 
Probing for Evaluation of Caps Placed 2013-2014 (Foth, 2016) and accepted by the 
A/OT via email correspondence on November 2, 2016. 
 
As a means of providing statistical confidence in the cap integrity evaluation, a minimum 
of 60 poling/probing locations were selected.  Assuming that the armor layer is observed 
at all 60 locations, this number of monitoring points provides 95% statistical confidence 
that a minimum 95% proportion of the cap has maintained integrity (as measured by the 
armoring layer of the cap being present).  Specifically, when all 60 locations (100% 
proportion) indicate armor integrity, a lower statistical confidence limit (exact binomial) 
can be calculated on this proportion (Conover, 1999) as follows: 
 

The lower 95% confidence limit on the observed 100% proportion is found by 
selecting the largest proportion ( 1) such that: 

 = 1
60 ≤ 0.05. 

Solving the above (for results in a lower confidence limit of 0.951 ≈ 0.95.  
This implies there is 95% confidence that a minimum 95% proportion of the 
cap area has maintained integrity. 

 
In addition to the poling/probing’s providing confidence that the armored cap is present, 
the sediment thickness measurements at each of the 60 locations can be used to determine 
the thickness of sediment across the capped areas and be factored into isopach drawings 
depicting the change in cap elevation over time. 
 
Using the base number of 60 poling/probing locations, a 170-foot grid was used to locate 
the 60 poling/probing locations within the cap areas.  Based on previous A/OT review 
comments and experience in OU3 (Lower Fox River OU3 COMMP Cap Integrity 
Assessment - Year 3 [Foth, 2015]), poling/probing locations were added to the OU4 
Year 2 locations, more specifically in the smaller cap areas, to provide more complete 
coverage within the cap areas.  Some of the poling/probing locations also needed slight 
adjustment from the exact 170-foot grid coordinates so that they fell within a 10-foot 
buffer inside the CCU areas.  Location additions and slight adjustments were also made 
to provide coverage of areas with discernible increases (i.e., deposition) or decreases in 
elevation (i.e., depressions, gullies, etc.).  Ninety-nine (99) poling locations were added 
for the purposes described above; therefore, the total number of proposed poling/probing 
locations was 159.  Poling/probing locations are provided on Figures 2C through 14C 
(i.e., Figures 3C, 4C, 5C, etc.). 
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Poling/Probing Survey – Deposition Measurements 
On November 3 and 4, 2016, Foth performed deposition measurements within the  
52.3-acre capped areas utilizing a Foth vessel equipped with real-time kinematic global 
positioning system (RTK GPS).  At each of the 159 poling/probing locations, while 
hovering with the sampling vessel, top of sediment elevation was determined with a 
graduated pole fitted with a 6-inch diameter disc.  At the same locations, a probing rod 
with 1-inch diameter probing tip was advanced until armor stone was encountered, and 
the elevation of the top of armor stone was determined.  Thickness of sediment 
deposition above the caps was then determined at each location.  Field observations were 
recorded in field activity observation reports, which are included in Attachment B.  
Table 1, in Attachment B, presents the poling/probing data.  Note that the sediment 
thicknesses shown in the table are the exact measurements recorded in the field; however, 
the rocky surface should be considered in that the water elevation is measured using a  
6-inch diameter disc, which sits on top of the surface, whereas the sediment thickness is 
measured using 1-inch diameter poling rod, which can fit within cracks and spaces in the 
rocky surface (particularly apparent in areas of quarry spall placement).  Table 1 
identifies locations in which the presence of soft sediment deposition was obvious 
(e.g., P8 and P11), indicated by “sog” or “sor” (i.e., soft over gravel or soft over rock, 
respectively). 
 
The poling/probing survey indicated that armor stone or quarry spall was present at each 
of the 159 locations visited.  Note that P108 was inadvertently placed within the 10-foot 
buffer and poling/probing indicated soft material; therefore, poling/probing was 
performed at two additional locations, offset from the original location outside of the  
10-foot buffer within the cap limits, to confirm the presence of armor stone.  With the 
159 selected locations, all having armor stone present, there is greater than 95% statistical 
confidence that a minimum 95% proportion of the cap has maintained integrity.  In fact, 
the confidence level approaches 99%.  Furthermore, poling/probing measurements 
indicate that several of the evaluated cap areas have accumulated sediment (depositional 
areas) over the two year time period evaluated, particularly in the Cap Area of CB39 and 
surrounding area in CB39-1-1.  Deposition in this area is expected due to the decrease in 
river flow caused by widening of the river channel below the De Pere Dam, creating 
slack water.  Other areas containing deposited sediment, but to a lesser extent, include the 
following: 
 

 CB6-1-1: along the shoreline, at the toe of slope along the border of CB6-1-1 and 
D24-RDMU1, and in a depression along the northern edge of CB6-1-1 (as shown 
on Figures 3B, 3C, and 3D). 
 

 CAD118: at the toe of slope near the west edge (as shown on Figures 6B, 6C, and 
6D). 

 
 CB45-1/CA24B-1/CB45-2:  at the toe of slope where the border of the three areas 

meet (as shown on Figures 10B, 10C, and 10D). 
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Accumulation of sediment is anticipated in these types of environments.  The poling/ 
probing information was integrated into the cap integrity assessment, as discussed below. 
 
Cap Integrity Assessment by CCU (Comparison of Year 0 and Year 2 
Surveys) 
Upon completion of the Year 0 and Year 2 hydrographic surveys, the data were 
processed and top of cap contours were created.  A set of figures were prepared for visual 
review to identify failing or damaged cap areas.  Figure 1 illustrates the 2013-2014 cap 
placement areas totaling approximately 52.3 acres in OU4.  Figures 2 through 14 
illustrate the top of cap elevations for the 2016 Year 2 survey and the elevation 
differences between the 2014 and 2016 surveys.  Each figure set includes an “A” figure, 
which depicts the top of cap elevations; a “B” figure, which depicts the top of cap 
elevations in a three-dimensional isometric view (as an added visual aid to assess cap 
integrity); and a “C” figure, which depicts the 2014 and 2016 differences in elevation 
(isopachs).  For some cap areas, “D” series figures were added to offer cross sections to 
better depict anomalous conditions. 
 
In viewing the approximate 52.3 acres of capped areas placed in OU4 in 2013-2014, there 
are several areas of interest as described below:  
 

 General elevation decreases 0.0-0.5’ between the 2014 and 2016 surveys are 
noted throughout the OU4 cap areas.  This decrease in elevation of the top of the 
caps is likely the result of consolidation of the underlying soft sediment, which is 
expected given the short duration since completion of capping activities. 
 

 Two triangular-shaped depression areas are visible in the mudline elevations in 
CBD23-1 (Figure 2B).  No abrupt change in elevation is found, however, when 
comparing to the isopach difference figure (Figure 2C).  Therefore, the depressed 
areas on Figure 2B are likely a reflection of the river bottom topography.  In 
addition, the poling/probing evaluation confirms the existence of armor stone in 
these areas. 
 

 The isopach difference (Figure 2C) indicates that the 2016 survey is higher than 
the 2014 survey by 1.0-2.0’ in a large portion of CB39 and the surrounding areas 
in CB39-1-1.  Poling/probing measurements confirm that deposition of sediment 
has occurred in these areas of a similar magnitude as that indicated in the survey, 
as shown on Figure 2C.  The poling/probing evaluation determined soft sediment 
exists over the cap armor stone. 
 

 A depression area is visible in the mudline elevations along the northern edge of 
CB6-1-1 (Figure 3B).  No abrupt change in elevation is found, however, with this 
area when viewing the same areas in the isopach difference figure (Figure 3C).  
Therefore, the depressed area on Figure 3B is likely a reflection of the river 
bottom topography.  To further confirm the integrity of the cap in this area, a 
cross-section was cut through the depressed area (Figure 3D).  The 2014 and 2016 
surveys follow a similar contour confirming that the depressed area on Figure 3B 
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is a reflection of the river bottom topography.  In addition, the poling/probing 
evaluation confirms the existence of armor stone in these areas.  

 
 The 2016 top of cap elevations in D24-RDMU1 (Figure 3B) appear highly 

irregular.  No abrupt change in elevation is found, however, when comparing to 
the isopach difference figure (Figure 3C).  To further confirm the integrity of the 
cap, a cross-section was cut through the area (Figure 3D).  The 2014 and 2016 
surveys follow a similar contour confirming that the irregularity seen on 
Figure 3B is a reflection of the river bottom topography.  In addition, the 
poling/probing evaluation confirms the existence of armor stone in these areas.  
 

 Caps containing small depressed areas in which the 2016 top of cap elevation was 
0.5-1.0’ lower than the 2014 top of cap elevation were prevalent, and due to the 
isolated occurrences and locations of the depressed areas within the caps, integrity 
of these caps is not anticipated to be a concern.  However, caps with a large 
portion of the area lower in elevation by 0.5-1.0’, as in CC9, required additional 
evaluation.   
 
The soft sediment underlying Cap CC9 are expected to consolidate more in 
response to the additional loading of quarry spall and overall thickness of the C-
cap.  To confirm the integrity of the cap in this area, a cross-section was cut 
through CC9 (Figure 3D).  The 2014 and 2016 surveys follow a similar contour 
indicating that the depression is likely due to consolidation of the underlying soft 
sediment.  In addition, the poling/probing evaluation confirms the presence of the 
armor rock. 

 
 The top of cap elevations along the southern edge of CBD23-27 (Figure 4B) dips 

toward the south; however, the isopach difference (Figure 4C) indicates that the 
2016 elevations are higher than the 2014 elevations by 0.5-1.5’.  Therefore, this 
area reflects a depositional location.  The poling/probing evaluation determined 
soft sediment exists over the cap armor stone. 

 
 The isometric view for the top of cap elevations for CAD118 and the portion of 

CB30 east of CAD118 (Figure 6B) appeared irregular; therefore, a cross-section 
was cut through these areas (Figure 6D) to confirm cap integrity.  The isopach 
difference (Figure 6C) did not show similar irregularities and the 2014 and 2016 
surveys follow similar and parallel contours indicating that the irregularity is 
likely a reflection of the river bottom topography and consolidation of the 
underlying soft sediment.  In addition, the poling/probing evaluation confirms the 
existence of armor stone in these areas. 

 
 The isometric view for the top of cap elevations for CB33 (Figure 9B) appeared 

irregular and several depressed areas 0.5-1.5’ were apparent in the isopach 
difference (Figure 9C); therefore, a cross-section was cut through the area 
(Figure 9D) to confirm cap integrity.  The 2014 and 2016 surveys follow similar 
and parallel contours indicating that the irregularity is likely a reflection of the 
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river bottom topography and consolidation of the underlying soft sediment.  In 
addition, the poling/probing evaluation confirms the existence of armor stone in 
these areas. 

 
 Similar to CC9, contiguous cap areas CB45-1, CB45-2, and CA23A-1 

(Figure 10C), as well as CB45-3 and the eastern portion of CA24B-2 
(Figure 11C), contained relatively large areas in which the 2016 survey was lower 
than the 2014 survey by 0.5-1.0’.  To confirm cap integrity, a cross-section was 
cut through CB45-1 as a representative section for these areas (Figure 10D).  The 
2014 and 2016 surveys follow a similar contour, though the 2016 survey is lower 
throughout CB45-1, indicating that the depressed areas are likely due to 
consolidation of underlying soft sediment.  In addition, the poling/probing 
evaluation confirms the presence of the armor stone in these areas.  

 
An accounting of evaluations and recommendations made during each post-cap 
monitoring event for each cap area is provided in Table 1.  
 
The following section further addresses measured decreases in the elevation of the tops of 
caps and a statistical evaluation of cap elevation changes over time.  
 
Statistical Evaluation of Survey Differences by CCU  

In order to further quantify the observed differences between the 2014 and 2016 survey 
elevations, data sets of elevation differences, along a 5-foot by 5-foot grid, were 
generated and evaluated through statistical box plots for each CCU.  These distributions 
are illustrated on Figures 15A, 15B and 15C.  The data were generated by subtracting the 
2014 elevation from the 2016 elevation at each 5-foot by 5-foot grid node.  Positive 
values reflect elevations which are higher in 2016 than 2014, while negative values 
reflect elevations which are lower in 2016 than in 2014. 
 
The boxplots on Figures 15A through 15C for each cap area are shown in order from 
upstream to downstream.  In the boxplots, the grey box represents the 25th to 75th 
percentiles (quartiles), with the whiskers reaching to the minimum and maximum data 
points, or to the quartiles plus/minus 1.5 times the inner quartile range (IQR), whichever 
is first.  Asterisks denote outliers past 1.5 times the IQR, and circles denote outliers past 
3 times the IQR.  The mean of the data is represented by a blue diamond and the median 
by a solid black line. 
 
The majority of CCUs are seen on Figures 15A through 15C to have survey differences 
which are lower on average by 0 to 0.5 feet in 2016 than in 2014.  This matches the 
general observations made above for the cap integrity assessment.  The only area which 
has an average decrease of over 0.5 feet is for CC9 (Cap Type C with quarry spall) with 
an average decrease in cap elevation of 0.51 feet, likely due to the increased weight of the 
capping materials). 
 
Of interest in the data sets are the 5th percentiles for each CCU, since this is the value that 
will be exceeded by 95% of the data.  If 95% of the data fall above a desired threshold 
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value, further evidence is provided that cap integrity is maintained for 95% of the CCU 
area. 
 
The 5th percentile for each CCU on Figures 15A through 15C is indicated by a solid gold 
line.  For comparison, the solid blue line indicates the combined vertical error estimate of 
the 2016 and 2014 surveys based on equipment manufacturer information.  The vertical 
accuracy for the 400 kHz multi-beam sonar is ± 0.2 to 0.3 feet, and the vertical accuracy 
of the 200 kHz single beam sonar is ± 0.1 to 0.2 feet.  Assuming a 0.25 foot accuracy for 
the multi-beam survey, the propagation of errors formula √(Error2

Survey1 + Error2
Survey2) 

would predict the differential accuracy to be approximately 0.35 feet. 
 
The 5th percentile of the data (Figures 15A through 15C gold line) extends past the 
combined vertical survey accuracy (blue line) for CBD23-1, CB6-1-1, CC9, CB30, 
CAD118, CA80A-1, CA80B-1, CB43, CB33, CB45-1, CA23A-1, CB45-2, CB45-3, 
CA24B-2, CA24C, CA27AB, CB89A and CA89B.  Therefore, potentially more than 5% 
of the area for these CCUs has experienced an elevation decrease from 2014 to 2016 
which exceeds the combined survey vertical accuracy.  As noted above, however, 
physical poling/probing confirmed in 2016 that armor stone remains intact at all locations 
visited, and therefore, it is assumed that the underlying soft sediment has consolidated 
resulting in settlement of the surface of the cap rather than the cap having been eroded. 
 
As a note, several areas depicted increases in average elevation from 2014 to 2016.  
These are CB39, CB39-1-1, CBD23-27, CB11A-1 and CA24D.  Of these, the largest 
elevation increase clearly occurred in CB39 and the surrounding area in CB39-1-1, with a 
median increase of 1.22 feet in CB39.  The poling/probing survey confirmed that the 
increase in elevation in CB39 and CB39-1-1 is due to sediment deposition.  As stated 
above, deposition in this area is expected due to the decrease in river flow caused by 
widening of the river channel downstream of the De Pere Dam.  The average elevation 
increase for CBD23-27, CB11A-1 and CA24D was much less (0.15 feet or less) with the 
existence of sediment not confirmed with the discrete poling/probing locations.  
 
20- and 100-Year Flow Rate Evaluation 

Foth performed an evaluation of the 20-year recurrence-interval flow rate for the period 
between the Year 0 and Year 2 surveys.  The COMMP requires:  “In addition to the 
scheduled monitoring of all capped areas in OU3-5, supplemental bathymetric surveys 
will be performed only in “sentinel” capping areas following major river-flow 
events…that may have a significant impact on river hydrodynamics…Sentinel cap area 
monitoring will be performed within 1 year following a river flow (combined flood and 
seiche discharge) event with a recurrence interval of 20 years or more…Hourly average 
flows exceeding the 20-year return-interval flow rate (i.e., 21,000 cfs for OU3 and 
22,100 cfs for OU4) will be used to trigger the supplemental bathymetric surveys.  If cap 
integrity and performance are verified under a 20-year flow event, follow-on event-based 
cap monitoring will occur following a 100-year flow event (e.g., 24,200 cfs for OU3 and 
25,500 cfs for OU4; subject to future updates).” (Refer to the COMMP for more details 
regarding the calculation of the recurrence interval flow values.)   
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Flows near the mouth of the Fox River (including the combined effects of upstream 
floods and seiches) are measured approximately every 5 minutes at the U.S. Oil Tank 
Depot (USGS Station 040851385) (http://waterdata.usgs.gov/nwis/), which is the gauging 
station used for comparison of flow data to the appropriate recurrence intervals for OU4.  
Figure 1, in Attachment C, presents the 2014-2016 hourly moving averages as compared 
to the OU4 20-year and 100-year recurrence intervals.  Using the hourly data for 
comparison (as required by the COMMP), the 20-year and the 100-year recurrence 
intervals were exceeded for OU4 during several time frames, as shown in the table and on 
the figure in Attachment C.  The 20-year recurrence interval was first exceeded on 
April 18, 2015, and the 100-year recurrence interval was first exceeded on June 8, 2015.  
To further evaluate if at a minimum a 20-year flow event had occurred, the USGS mean 
daily discharge data were also reviewed, which showed a value of 21,700 cfs on 
December 14, 2015.  This mean daily discharge further substantiates that a 20-year flow 
event likely occurred between the Year 0 and Year 2 surveys (data shown on the USGS 
figure in Attachment C).  
 
Based on the requirements described above, sentinel cap area monitoring would have 
been required in OU4 in 2016.  Because the routine Year 2 evaluation was also required 
in 2016, the LLC is proposing that this routine Year 2 evaluation also be used as the 
event-based monitoring for 20-year and 100-year flow events, noting that the evaluation 
is more comprehensive than required given that the evaluation covers all 52.3 acres, 
rather than just sentinel cap areas.  Sentinel caps have not yet been identified for OU3 or 
OU4, but that effort is underway by the LLC and will be proposed to A/OT during the 
first quarter of 2017. 
 
As a point of reference, due to the close proximity of the events, the A/OT also allowed 
use of the OU1 2011 5-year flow-event cap assessment to address the OU1 2012 routine 
cap monitoring event; for further detail refer to the April 19, 2013 memorandum Lower 
Fox River OU1 Cap Monitoring Maintenance Plan 5-Year Flow Hydrographic Survey 
Comparison (Foth, 2013). 
 
Conclusions 

Based upon the results of the Year 0 to Year 2 hydrographic survey comparison, the 
following conclusions can be made: 
 

1. Results of the comparison of the Year 0 and Year 2 hydrographic surveys showed 
general cap settling, which resulted from consolidation of the underlying soft 
sediment, particularly in areas CC9, CB6-1-1, CB30, CB43, CB-33, CB45-1, 
CA23A-1, CA27AB, and CB89A.  The poling/probing survey completed in all of 
these areas confirmed that the armor stone (quarry spall in the case off CC9) is 
present at all locations measured.  The results of this survey provide high 
confidence (exceeding 95%) that the placed armored caps are present and 
performing as designed.  Further, the identified settlement resulting from the 
consolidation of the underlying soft sediment for the OU4 caps is similar to the 
observed consolidation at the OU3 site.   
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2. Deposition (identified as an increase in top of cap elevation in 2016 over 2014) 
was noted in scattered areas throughout the cap regions, particularly in Cap Area 
CB39 and surrounding area in CB39-1-1.  Deposition in this area is expected due 
to the decrease in river flow caused by the widening of the river channel 
downstream of the De Pere Dam.  Less substantial deposition occurred in areas in 
which deposition would be expected, including along the shoreline, at the toe of 
slope, and in depressions. 
 

3. A direct comparison of the 2014 and 2016 hydrographic surveys indicates there 
are several CCUs for which greater than 5% of the area has decreased in 
elevation, beyond the range of the combined survey vertical uncertainty level.  
This is the case for CBD23-1, CB6-1-1, CC9, CB30, CAD118, CA80A-1, 
CA80B-1, CB43, CB33, CB45-1, CA23A-1, CB45-2, CB45-3, CA24B-2, 
CA24C, CA27AB, CB89A and CA89B.  Physical poling/probing confirmed the 
armor stone remains present.  Settling of the top elevation of these caps is 
therefore attributed to consolidation of the underlying soft sediment.      
 

4. Implementation of the Year 0 to Year 2 cap monitoring in OU4 indicates that the 
52.3 areas of OU4 caps have remained in place, consistent with their design. 
Following completion of the 2016 cap monitoring, there is no indication of need 
for additional investigation of the integrity of the caps or for repair.  

 
5. Based on the available flow data from the USGS for the Fox River, OU4, we 

conclude that both the 20-year and 100-year flow values occurred in 2015, 
triggering a flow-event assessment of caps in OU4.  The Year 2 evaluation 
confirmed that caps placed during 2013-2014 in OU4 remained intact and are 
functioning as designed following these events. 
 
As stated in the COMMP, “If cap integrity and performance are verified under a 
20-year flow event, follow-on event-based cap monitoring will occur following a 
100-year flow event (e.g., 25,500 cfs for OU4).”   

 
6. The LLC anticipates working collaboratively with the A/OT during the first 

quarter of 2017 to establish sentinel cap areas to be monitored during flow-
induced COMMP events. 
 
Since the caps placed in OU4 during 2013-2014 have remained in place, 
consistent with their design, following occurrences of both 20 and 100-year flow 
events, the LLC will only perform future flow-event based monitoring of sentinel 
caps following 100-year flow events, consistent with COMMP requirements. 

 
7. Based on the COMMP schedule established by the A/OT, the next routine cap 

monitoring survey for caps placed in 2013-2014 in OU4 (Year 4) will occur in 
2018.   
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8. Based on the COMMP schedule established by the A/OT, the next routine cap 
monitoring survey for caps placed in 2015-2017 in OU4 (Year 0) will occur in 
2017.  
 

9. Based on the COMMP schedule established by the A/OT, the next routine cap 
monitoring survey for caps placed in OU3 (Year 7) will occur in 2018.   
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Attachment A 

NOAA Monthly Water Elevation Data for  
Green Bay Station No. 9087079 
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Attachment B 

Foth Field Notes for: 

October 18-19, 2016 and December 1, 2016 Multi-Beam Year 2 
Surveys; October 25, 2016 Single Beam Year 2 Survey; and 

November 3-4, 2016 Poling/Probing Survey 

Table 1 – OU4 Year 2 Poling/Probing Deposition Measurements 
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Attachment C 

USGS Flow Data for Station No. 040851385 –  
Fox River Oil Tank Depot at Green Bay, WI  
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