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1. INTRODUCTION 

The purpose of this report is to document the results of an FY20 drilling program plan to capacity test and 
rehabilitate (as required) 11 relief wells at Big Bend Dam.  The 11 relief wells are located near the left 
abutment of the dam in areas with identified risk-driving failure modes.  The purpose of this work was to 
measure and mitigate any losses in well efficiency that may have occurred since installation of the relief 
wells; thereby ensuring that they continue to relieve pressures in the left abutment foundation. 

1.1 Big Bend Dam Risk Assessment Status 
Previous risk assessments at Big Bend Dam consist of a Screening Portfolio Risk Assessment (SPRA) 
conducted in 2007, a Potential Failure Mode Analysis (PFMA) performed in 2009, and a Periodic 
Assessment (PA) conducted in July 2019 (note that the PA is still being drafted).  Both the SPRA (2007) 
and the PFMA (2009) identified seepage and piping in the left abutment as probably inadequate (SPRA) 
or as a potential failure mode (PFMA).   

The PA included a risk assessment in which 54 potential failure modes (PFMs) were identified.  Of these, 
two of the five PFMs listed as risk drivers were also in the area of the left abutment seepage as described 
below: 

• PFM 31: Plugged left abutment relief well subdrain system between stations 120+00 and 130+00 
causes blowout resulting in backward erosion piping (BEP) through the foundation alluvium. 

• PFM 32: Backward erosion piping (BEP) initiating at an unfiltered exit in the relief well channel 
in area of historic boils between stations 119+00 and 120+00. 

For both PFMs, a large inflow event causes the reservoir to reach top of active storage (TAS) at elevation 
1,423 feet local project datum (LPD).  High pressures (which have historically been observed during 
normal pool conditions) exist in the left valley bank alluvial sand.  There is a continuous alluvial sand 
layer between the upstream reservoir and the downstream left abutment bank.  Vertical gradients are 
sufficient to initiate BEP at the left abutment.   

The two failure modes (PFM 31 and PFM 32) are differentiated by the exit locations.  For PFM 31, the 
relief well collector subdrain system between stations 120+00 and 130+00 is either plugged or ineffective 
at relieving the uplift pressures.  Vertical exit gradients are sufficient to blow out the relatively thin clay 
blanket and initiate BEP of the foundation alluvial sands.  For PFM 32, the uplift pressures are sufficient 
to blow out the natural clay blanket in the relief well channel exposing the valley alluvium in the vicinity 
of stations 119+00 and 120+00.  This area was identified as a potential exit location due to historic 
pinboils at the bottom of the relief well channel.  Global gradients would be sufficient for BEP of the 
foundation sands. 

1.2 Objectives and Justification 
The objectives of the work outlined in this report were to capacity test and rehabilitate (if required) relief 
wells RW-65A through RW-68B.  These 11 relief wells are located in the general area of two PA-
identified risk-driving failure modes (PFM 31 and PFM 32).  The capacity testing and rehabilitation of 
relief wells is part of the routine operation and maintenance procedures at the dam in accordance with EM 
1110-2-1914, Design, Construction, and Maintenance of Relief Wells which states that all relief wells 
should be pump tested every five years to measure and mitigate any appreciable losses in well efficiency.  
Based on the funding received in FY20, relief wells RW-65A through RW-68B were identified as the 
highest priority due to their proximity to PFM31 and PFM32.  None of the 11 relief wells had been tested 
within the last five years.   
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2. PROJECT BACKGROUND 

Big Bend Dam is a high hazard potential dam located on the Missouri River in Buffalo and Lyman 
Counties, South Dakota, approximately 20 miles upstream of the city of Chamberlain.  Big Bend is one of 
six main stem dams on the Missouri River, and was authorized by the Flood Control Act approved 22 
December 1944 (Public Law 534, 78th Congress 2nd Session) as part of the general comprehensive plan 
for flood control, irrigation, navigation, and hydropower in the Missouri River basin.  The project was 
constructed from 1963 to 1966.   

2.1 Project Description 
Big Bend Dam is a multiple purpose project consisting of a rolled earthfill embankment, hydroelectric 
generating power plant, spillway, and reservoir (Figure 1 and Figure 2).  The reservoir has a capacity of 
1,859,000 acre-feet for flood control, irrigation, conservation, navigation, power development, and other 
uses.  Conventional outlet works structures were not constructed at Big Bend; releases are made through 
either the spillway or the power plant.  

 

Figure 1: Project feature map 
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Figure 2: Aerial photo showing project features 

2.1.1 Embankment 
The rolled, zoned (Figure 3), earth-filled embankment is 10,570 feet long with a maximum height of 95 
feet above the river channel and a crest width of 50 feet.  The maximum width at the base of the 
embankment is 1,200 feet.  The embankment makes a gentle S curve across the valley.  The embankment 
was built upon dredged or dumped underwater pervious fill.  A central impervious core extends from the 
pervious fill to five feet below the top of the dam.  This core extends through the length of the 
embankment and transitions into a massive impervious section at the spillway and powerhouse tie-ins.  
The core is flanked on the downstream side by a pervious zone that ties into either the pervious 
downstream embankment fill or a horizontal downstream pervious blanket to provide drainage for 
seepage through the core.  The top five feet of the embankment crest is composed of pervious fill 
connected to the downstream pervious drain to provide a frost-free base for the highway surface across 
the embankment.   

 
Figure 3: General embankment section 



Engineering Geology Report 5 June 2020 
Big Bend Dam Instrumentation 

A minimum 10-foot-thick impervious blanket ties into the central impervious core and extends upstream 
425 to 540 feet throughout the major portion of the embankment.  Near the powerhouse area the blanket 
is thickened and excavated into bedrock and forms an impervious toe trench that prevents excessive 
seepage in the powerhouse area.   

In the left abutment area near the spillway (Figure 4), a minimum 20-foot-thick upstream blanket is 
present over a portion of the right slope of the spillway approach channel.  Above the upstream 
impervious blanket, the embankment is composed of a massive compacted shale section that is protected 
by 20 feet of dumped chalk.  The downstream fill section consists primarily of random fill with a berm 
section of dumped chalk.  The right abutment section, located between the right side of the powerhouse 
and the natural abutment ground surface, has 1V on 3H side slopes and is composed of random fill 
materials obtained from the right bank excavations.  

 

Figure 4: Left abutment embankment typical section (station 125+00) 

2.1.2 Seepage Control Measures 
Seepage through the embankment is controlled primarily by the impervious core, impervious upstream 
blanket, and the pervious drain section on the downstream side of the impervious core.  Underseepage 
control is provided by the upstream impervious blanket, the chalk berm sections, the pervious blanket, 
and by pressure relief wells along the downstream toe of the embankment.  Due to the relatively low head 
at Big Bend Dam and to the other underseepage control methods provided, a positive cutoff through the 
foundation sand was not determined to be necessary. 

2.1.2.1 Pressure Relief Wells 
The original system of pressure relief wells was installed in 1963 and extends a distance of 7,125 feet 
along the toe of the dam (Figure 2).  The system was comprised of 68 relief wells spaced at intervals 
varying from 75 to 225 feet.  The wells were installed to provide relief from any excess hydrostatic uplift 
pressures that may develop in the valley alluvial sands beneath the downstream impervious natural clay 
blanket.  Between 2009 and 2012, the relief well system was modified with 35 additional relief wells.  
The current system has a total of 103 relief wells and extends a distance of 7,425 feet along the toe of the 
dam.  The additional wells were installed between existing wells through the valley and in the left 
abutment.  Spacing between the relief wells ranges from 35 to 200 feet. 

3. FY20 DAM SAFETY INSTRUMENTATION FIELD WORK 

The FY20 dam safety instrumentation field effort at Big Bend Dam was conducted in two phases from 
May 4 through May 21, 2020 and from June 15 through June 20, 2020 by the U.S. Army Corps of 
Engineers (USACE), Omaha District drill crew.  The primary goal of this investigation was to rehabilitate 
and capacity test instrumentation to relieve uplift pressures at Big Bend Dam.  Specific tasks included the 
inspection, capacity testing, and rehabilitation of relief wells RW-65A through RW-68B as discussed in 
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the following sections.  Maps with the instrument locations are included as Appendix A.  Field forms are 
included as Appendix B.   

Intrusive activities into, in close proximity to, or through embankment dams and their foundations may 
pose significant risk to the structures if not implemented properly.  To mitigate these risks, all drilling and 
sampling was conducted in accordance with EM 1110-1-1804, Geotechnical Investigations (1 January 
2001); ER 1110-1-1807, Drilling in Earth Embankment Dams and Levees (31 July 2014); EM 1110-2-
1914, Design, Construction, and Maintenance of Relief Wells (29 May 1992), the drilling program plan, 
and specific guidance as referenced in these sections.  

3.1 Relief Well Construction Details 
A total of 11 relief wells in the left abutment area were capacity tested and rehabilitated for this effort.  
Construction details for the relief wells are provided in the following sections.  Three of the relief wells 
(RW-66, RW-67, and RW-68) are original wood-stave project relief wells constructed in 1963.  Eight of 
the relief wells are stainless steel Muni-Pak™ wells installed in 2010 and 2012.  Relief well construction 
details are summarized in Table 1.  Locations are shown on Figures A-1 and A-2 in Appendix A.   

3.1.1 Original Project Relief Wells (1963) 
The original project relief wells (RW-66, RW-67, and RW-68) consist of a gravel-packed, eight-inch-
diameter, slotted, wood stave well screen attached to an eight-inch-diameter plastic riser pipe.  Access to 
the well is through a corrugated metal well pit covered with a steel cover.  Discharge of the well is either 
into the relief well channel or into the relief well collector pipe.  The screen slots are 3/16-inch wide with 
30 square inches of slotting per lineal foot of screen.  Construction details are provided on Figure 5.  
Locations are shown on Figures A-1 and A-2 in Appendix A. 

 

Figure 5: Typical construction details for original project relief wells 
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3.1.2 2010 Relief Wells 
The relief wells installed in 2010 (RW-65A, RW-66A, RW-66B, and RW-67A) consist of 50-slot Muni-
Pak™ stainless steel well screens with a five-inch-diameter inner screen and a seven-inch-diameter outer 
screen.  The riser consists of five-inch-diameter, Schedule-80, PVC flush-treaded pipe.   

3.1.3 2012 Relief Wells 
The relief wells installed in 2012 (RW-66C, RW-67B, RW-68A, and RW-68B) consist of 40-slot Muni-
Pak™ stainless steel well screens with a five-inch-diameter inner screen and a seven-inch-diameter outer 
screen.  The riser consists of five-inch-diameter, stainless steel flush-treaded pipe.   

Table 1: Construction details for relief wells to be capacity tested in FY20 

Relief Well 
Designation 

Year 
Installed 

Bottom Depth 
(ft bgs)1 

Screen Interval 
(ft bgs)1 

Construction Material 

RW-65A 2010 80.1 30.1-79.8 5x7-inch ID Muni-Pak pre-packed stainless 
steel screen, 5-inch Schedule 80 PVC riser 

RW-66 1963 80.0 25.0-80.0 8-inch ID wire-wrapped wood-stave screen, 
8-inch plastic riser pipe 

RW-66A 2010 81.4 31.4-81.1 5x7-inch ID Muni-Pak pre-packed stainless 
steel screen, 5-inch Schedule 80 PVC riser 

RW-66B 2010 82.4 32.4-82.1 5x7-inch ID Muni-Pak pre-packed stainless 
steel screen, 5-inch Schedule 80 PVC riser 

RW-66C 2012 82.0 36.5-81.5 
5x7-inch ID Muni-Pak pre-packed stainless 
steel screen, 5-inch Schedule 40 stainless 
steel riser 

RW-67 1963 84.7 22.4-84.7 8-inch ID wire-wrapped wood-stave screen, 
8-inch plastic riser pipe 

RW-67A 2010 82.3 32.3-82.0 5x7-inch ID Muni-Pak pre-packed stainless 
steel screen, 5-inch Schedule 80 PVC riser 

RW-67B 2012 83.0 37.0-82.0 
5x7-inch ID Muni-Pak pre-packed stainless 
steel screen, 5-inch Schedule 40 stainless 
steel riser 

RW-68 1963 87.1 26.5-87.1 8-inch ID wire-wrapped wood-stave screen, 
8-inch plastic riser pipe 

RW-68A 2012 89.0 47.9-87.9 
5x7-inch ID Muni-Pak pre-packed stainless 
steel screen, 5-inch Schedule 40 stainless 
steel riser 

RW-68B 2012 90.0 48.6-88.6 
5x7-inch ID Muni-Pak pre-packed stainless 
steel screen, 5-inch Schedule 40 stainless 
steel riser 

1All depths are below ground surface.    
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3.2 Relief Well Inspection  
Prior to capacity testing and/or rehabilitative efforts, each of the relief wells was sounded for depth and 
the results compared to the original as-built design depths as described in the following sections and 
summarized in Table 2.  All of the wells were noted to be in good condition with sediment accumulations 
less than 2.6 feet.   

Table 2: Relief well inspection and sediment removal summary 

Relief Well 
Designation 

As-Built 
Bottom 
Depth 
(ft bgs) 

Sounded Depth 
May 2020 
(ft btoc) 

Top of outer 
casing stick-up  

(ft ags) 

Sounded 
Depth May 

2020 
(ft bgs) 

Depth of 
Sediment 

(ft) 

Condition/Comments 

RW-65A 80.1 82.3 1.3 81.0 -0.9 
Top of well riser pipe is 5.6 feet below 
top of outer casing or 4.3 feet below 
ground surface.  Good condition. 

RW-66 80.0 81.3 2.4 78.9 1.1 
Top of well riser pipe is 5.2 feet below 
top of outer casing or 2.8 feet below 
ground surface.  Good condition. 

RW-66A 81.4 83.2 1.5 81.7 -0.3 
Top of well riser pipe is 5.2 feet below 
top of outer casing or 3.7 feet below 
ground surface.  Good condition. 

RW-66B 82.4 83.0 0.7 82.3 0.1 
Top of well riser pipe is 4.8 feet below 
top of outer casing or 4.1 feet below 
ground surface.  Good condition. 

RW-66C 82.0 83.3 1.5 81.8 0.2 
Top of well riser pipe is 7.8 feet below 
top of outer casing or 6.3 feet below 
ground surface.  Good condition. 

RW-67 84.7 85.4 1.8 83.6 1.1 
Top of well riser pipe is 8.3 feet below 
top of outer casing or 6.5 feet below 
ground surface.  Good condition. 

RW-67A 82.3 82.4 0.5 81.9 0.4 
Top of well riser pipe is 4.9 feet below 
top of outer casing or 4.4 feet below 
ground surface.  Good condition. 

RW-67B 83.0 83.8 1.1 82.7 0.3 
Top of well riser pipe is 6.1 feet below 
top of outer casing or 5.0 feet below 
ground surface.  Good condition. 

RW-68 87.1 85.4 0.9 84.5 2.6 
Top of well riser pipe is 9.3 feet below 
top of outer casing or 8.4 feet below 
ground surface.  Good condition. 

RW-68A 89.0 90.9 1.8 89.1 -0.1 
Top of well riser pipe is 8.9 feet below 
top of outer casing or 7.1 feet below 
ground surface.  Good condition. 

RW-68B 90.0 89.7 1.6 88.1 1.9 
Top of well riser pipe is 8.2 feet below 
top of outer casing or 6.6 feet below 
ground surface.  Good condition. 

ft = feet, bgs = below ground surface, btoc = below top of outer casing, ags = above ground surface 
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3.2.1 Pre-capacity procedures 
Typically, relief well outfall pipes are shut or packered off during capacity testing to allow the static water 
levels to equilibrate prior to the measurement of drawdown.  At Big Bend, none of the eleven relief well 
outfalls are equipped with shut-off valves to stop flow.  Three of the eleven wells (RW-66, RW-66A, and 
RW-66B) discharge into the relief well channel.  The outfalls for the other eight relief wells flow into 
collector pipes or other relief wells/manholes as noted in Table 3.  A field sketch showing the 
configuration of the outfalls and collector pipes from relief well RW-64B to RW-67 is provided as Figure 
6. 

Table 3: Manhole and outfall information 

Relief Well 
Designation 

Outfall/manhole details Notes 

RW-65A RW-65A flows into the manhole for RW-65 
which discharges into the relief well channel. 

No packer or sump pump needed.  Drawdown measured 
from top of flowing water level. 

RW-66 Outfalls directly into the relief well channel - 
outfall invert at elevation 1362.92 ft. 

Manhole filled with algae/gunk.  Removed with sump 
pump prior to testing.  Drawdown measured from top of 
flowing water level. 

RW-66A Outfalls directly into the relief well channel -
outfall invert at elevation 1365.32 ft. 

Manhole filled with algae/gunk.  Removed with sump 
pump prior to testing.  Drawdown measured from top of 
flowing water level. 

RW-66B Outfalls directly into the relief well channel -
outfall invert at elevation 1365.94 ft. 

Outfall for RW-66C was packered off during capacity 
testing on RW-66B to keep water from flowing into well 
during test.  Drawdown measured from top of flowing 
water level. 

RW-66C RW-66C flows into the manhole for RW-66B. 

Groundwater was observed flowing up from ground 
around well riser pipe during capacity testing.  Sump used 
to dewater manhole for RW-66C to prevent water from 
flowing into well during test.  Drawdown measured from 
top of flowing water level. 

RW-67 Outfalls into MH-2. 
Manhole filled with algae/gunk.  Removed with sump 
pump prior to testing.  Drawdown measured from top of 
flowing water level.  Water barely flowing from top of 
casing. 

RW-67A Outfalls into MH-2. 
Manhole filled with algae/gunk.  Removed with sump 
pump prior to testing.  Drawdown measured from top of 
flowing water level.  Water barely flowing from top of 
casing. 

RW-67B RW-67B flows into RW-67A which outfalls 
into MH-2. 

Groundwater was observed flowing up from ground 
around well riser pipe during capacity testing.  Manhole 
filled with algae/gunk.  Removed with sump pump prior to 
testing.  Drawdown measured from top of flowing water 
level. 

RW-68 In series to the collector drain. No packer or sump pump needed.  Drawdown measured 
from top of flowing water level.   

RW-68A Outfalls into the collector drain. 
Groundwater was observed flowing up from ground 
around well riser pipe during capacity testing.  Drawdown 
measured from top of flowing water level. 

RW-68B Outfalls into the collector drain. 
Manhole filled with algae/gunk.  Removed with sump 
pump prior to testing.  Drawdown measured from top of 
flowing water level. 
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Figure 6: Field sketch showing the configuration of the outfalls, collector pipes, and manholes (relief 
wells RW-64B to RW-67).  Not to scale. 

Further complicating the testing, all relief well riser pipes were cut off below ground surface near the 
depths of the outfalls and completed to the surface with 36-inch diameter outer casings placed over the 
wells (Figure 7).  For this reason, the drawdown was measured from the existing water levels in all relief 
wells (typically near the base of each outfall).  Because the drawdown readings were taken from flowing 
conditions, the measured drawdown is less than what it would be under static conditions.  Because of this, 
the specific capacity measured from the outfall will be higher (less drawdown at the same pumping rate) 
than what would be recorded under static conditions.  It should be noted, however, that the original 
capacity tests on the newer wells were also performed after the outfalls were installed and under flowing 
conditions.   

As shown in Table 3, sump pumps were required in several of the relief well manholes due to algae/debris 
that had accumulated in the bottom of the vaults.  The growth had to be removed with a sump pump prior 
to testing to avoid drawing the material into the well during testing and rehabilitation.  Groundwater was 
also observed to be flowing around the outside of the riser pipe at the base of the vault in three of the 
relief wells, RW-66C, RW-67B, and RW-68A.  It appears that the seal between the bottom of the vault 
and the riser pipe has been compromised in these three wells and groundwater is flowing up through the 
seal. 
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Figure 7: Photograph of biological materials in manhole for relief well RW-67A 

 

Figure 8: Groundwater flowing around well riser pipe at base of manhole vault during capacity testing in 
relief well RW-67B 
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3.3 Capacity Testing 
Once the initial inspection was made (note that no sediment was required to be removed), the 11 relief 
wells were capacity tested.  The capacity tests were performed using a five-inch-diameter submersible 
pump.  Each relief well was pumped to achieve a drawdown similar to the original pumping 
rates/drawdowns for a minimum of two hours unless rapid drawdown was obtained (RW-67 and RW-
67A).  Where rapid drawdown was obtained at a very low pumping rate (~1 gpm), the test was stopped 
and the well was identified for rehabilitation.  The pump inlet was placed the minimum required distance 
below the water level in the relief well to obtain adequate drawdown, yet remain above the top of the well 
screen.  Flow was determined by the use of an in-line flow meter and bucket and stopwatch.  Recharge 
was monitored immediately after pumping until the water level recovered to 95% of the measured pre-
pumping static water level.  Pre-rehabilitation capacity test data is summarized in Table 4.  All data was 
recorded on the Capacity Test Data Form (Appendix B).  The results were compared to the original pump 
test results obtained after installation (if available) to determine if the wells have experienced diminished 
capacity and to compare to the post-rehabilitation capacity testing to measure the effectiveness of the 
rehabilitative efforts as discussed in Section 3.5.   

Table 4: Initial Capacity Test Results 

Relief Well 
Designation 

2020 Pre-Rehab 
Pumping Rate 

(gpm) 

2020 Pre-Rehab 
Drawdown (ft)  

2020 Pre-Rehab 
Specific Capacity 

(gpm/ft of 
drawdown) 

2020 Pre-Rehab 
Approx. Recovery 

Time 
(>95%) 

Original Specific 
Capacity 

(gpm/ft of 
drawdown) 

RW-65A 13.3 15.9 0.8 1 minute 17/13.6 (1.3) 

RW-66 23.3 16.2 1.4 2 minutes, 30 
seconds 24.4/6.1 (4.0) 

RW-66A 32.5 18.8 1.7 40 seconds 61/10.3 (5.9) 

RW-66B 12.7 18.0 0.7 40 seconds 24/17.7 (1.4) 

RW-66C 20.3 18.0 1.1 1 minute, 10 seconds 

23/12.3 (1.9) 

33/17.8 (1.9) 

49/26.9 (1.8) 

RW-67 1 >10 NA Not measured (slow 
recovery) 46.3/5.9 (7.8) 

RW-67A 1 >10 NA 20 minutes NA 

RW-67B 12.2 17.0 0.7 2 minutes, 30 
seconds 

23/12.1 (1.9) 

35/18.7 (1.9) 

49/28.2 (1.7) 

RW-68 10.1 9.8 1.0 3 minutes, 20 
seconds 7.2 

RW-68A 21.2 11.4 1.9 40 seconds 

23.5/1.7 (13.8) 

33.6/4.0 (8.4) 

45.7/7.4 (6.2) 
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Relief Well 
Designation 

2020 Pre-Rehab 
Pumping Rate 

(gpm) 

2020 Pre-Rehab 
Drawdown (ft)  

2020 Pre-Rehab 
Specific Capacity 

(gpm/ft of 
drawdown) 

2020 Pre-Rehab 
Approx. Recovery 

Time 
(>95%) 

Original Specific 
Capacity 

(gpm/ft of 
drawdown) 

RW-68B 9.2 18.8 0.5 4 minutes 

20.5/14.6 (1.4) 

31.2/19.5 (1.6) 

41.4/30.8 (1.3) 

3.4 Mechanical Rehabilitation 
After the initial capacity tests were completed, the wells were mechanically cleaned to remove as much 
biomass, mineral scale, and sediment from each well as possible.  In accordance with EM 1110-2-1914, 
the wells were only to be mechanically rehabilitated if determined to be below 80 percent of the original 
capacity (all tested wells met the guideline for rehabilitation).  Most relief wells undergo some loss in 
specific capacity primarily due to the slow movement of foundation fines into the filter pack with a 
corresponding reduction in permeability.  The mechanical rehabilitation was conducted on wells with 
diminished capacity to remove any debris and break apart any materials that may be obstructing the well 
screens.   

Chemical treatment was not utilized for this field effort.  The process of mechanical rehabilitation 
continued until the water was generally free and clear of fines.  All relief wells were sounded before and 
after rehabilitation and those depths were compared to the as-builts to ensure that all sediment was 
removed after the rehabilitation process.  Significant amounts of sediment (between 2 and 4 feet) were 
only observed to be entering the well through the screen from the surrounding material/filter pack during 
development in relief wells RW-68A and RW-68B (mostly fines and fine sand).  The steps for the 
mechanical rehabilitation are described in the following sections.  

3.4.1.1 Scrubbing and Airlifting 
The initial phase of mechanical rehabilitation consisted of mechanically scrubbing the entire length of 
each well with a nylon brush to remove bio-foul and mineral scale within the well casing and screen.  
Before any actual scrubbing was initiated, a pre-pass test was conducted which consisted of the brush 
assembly being slowly lowered the entire length of the well to determine if the brush assembly would 
pass without binding or encountering obstructions.  No unknown obstructions were encountered in any of 
the relief wells.  Brushing was performed with stroke lengths of no more than five feet.  Pertinent details 
of the brushing process were recorded on the attached Relief Well Rehabilitation Forms.  Once brushing 
was complete, the water column in the well was pumped utilizing an airlift method until the well was 
clear of biomass and sediment (note that none of the wells was noted to contain significant bio-mass or 
mineral scaling). 

3.4.1.2 Surging and Airlifting (Stainless Steel Wells) 
At the completion of brushing and airlifting, the stainless steel relief wells were surged with a Q-water 
development tool (with built-in relief valve) to attempt to break up any bridged fines around the filter 
pack and increase the capacity of the well.  Each well screen was surged in sections with the stroke length 
not exceeding10 feet with a stroke rate of no more than 4 feet/second.  Each 10-foot length of 
rehabilitation zone proceeded for 15 minutes.  Most of the material that entered the wells was noted to be 
fines and fine sand, as shown in Figure 9.  Relief wells RW-68A and RW-68B had significant amounts of 
sand in the discharge, as shown in Figure 10.  Once surging was complete, the water column in the well 
was pumped utilizing an airlift method until the well was clear of biomass and sediment.  After airlifting 
was complete, the bottom depth was measured to confirm that all material at the bottom of the well from 
surging has been removed. 
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Figure 9: Airlifted material (post-surge) from relief well RW-67A 

 

Figure 10: Airlifted material (post-surge) from relief well-68A 

3.4.1.3 Airlift Surging and Airlifting (Wood-Stave Wells) 
Because the wood-stave wells are more than 50 years old and more fragile/susceptible to collapse, surge 
blocks were not utilized for these wells (RW-66, RW-67, and RW-68).  Instead, the wells were 
rehabilitated by creating a surging action with the airlift mechanism by alternately drawing the water 
column down to a depth just above the top of the screen and shutting the air off allowing the well to 
recharge.  This process continued until the recharge improved enough to allow continuous pumping at 
which time continuous airlifting was conducted until the water was free and clear of fines.  
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Figure 11: Initial discharge water at the start of post-surge airlifting (RW-68) 

 

Figure 12: Final discharge water at the end of post-surge airlifting (RW-68) 
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3.4.2 Post-Rehabilitation Capacity Testing 
Once the mechanical rehabilitation was complete, the relief wells were again tested for capacity utilizing 
the steps identified in Section 3.3.  All data was recorded on the Capacity Test Data Form (attached). 

Table 5: Final Capacity Test Results 

Relief Well 
Designation 

2020 Post-Rehab 
Pumping Rate 

(gpm) 

2020 Post-Rehab 
Drawdown (ft)  

2020 Post-Rehab 
Specific Capacity 

(gpm/ft of 
drawdown) 

2020 Recovery Time  
(>95%) 

Original Specific 
Capacity 

(gpm/ft of 
drawdown) 

RW-65A 26.3 9.3 2.8 15 seconds 17/13.6 (1.3) 

RW-66 29.9 13.5 2.2 90 seconds 24.4/6.1 (4.0) 

RW-66A 59.5 15.7 3.8 20 seconds 61/10.3 (5.9) 

RW-66B 28.7 10.2 2.8 20 seconds 24/17.7 (1.4) 

RW-66C 32.7 10.1 3.2 20 seconds 

23/12.3 (1.9) 

33/17.8 (1.9) 

49/26.9 (1.8) 

RW-67 14 10.3 1.4 2 minutes, 30 
seconds 46.3/5.9 (7.8) 

RW-67A 14.5 13.6 1.1 45 seconds NA 

RW-67B 20.7 10.8 1.9 40 seconds 

23/12.1 (1.9) 

35/18.7 (1.9) 

49/28.2 (1.7) 

RW-68 16.0 8.8 1.8 1 minute, 45 seconds 7.2 

RW-68A 33 26.5 1.2 2 minutes 

23.5/1.7 (13.8) 

33.6/4.0 (8.4) 

45.7/7.4 (6.2) 

RW-68B 16.2 20.0 0.8 2 minutes, 15 
seconds 

20.5/14.6 (1.4) 

31.2/19.5 (1.6) 

41.4/30.8 (1.3) 

3.5 Summary of Results and Recommendations 
A summary of the results of the relief well rehabilitation and capacity testing are include in Table 6 along 
with recommendations for each well based on the testing.
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Table 6: Summary and Recommendations 

Relief Well 
Designation 

Baseline Specific 
Capacity 

(gpm/ft of drawdown) 

2020 Pre-Rehab 
Specific Capacity 

(gpm/ft of drawdown) 

2020 Post-Rehab 
Specific Capacity 

(gpm/ft of drawdown) 

Comments Recommendation 

RW-65A 17/13.6 (1.3) 13.3/15.9 (0.8) 26.3/9.3 (2.8) 

Specific capacity increased from 0.8 to 2.8 
gpm/ft drawdown after rehabilitation.  
Recovery improved from 60 seconds to 15 
seconds. 

Relief well is currently at ~215% of original 
capacity.  Relief well should be capacity tested 
again in five years and rehabilitated as required. 

RW-66 24.4/6.1 (4.0) 23.3/16.2 (1.4) 29.9/13.5 (2.2) 

Specific capacity increased from 1.4 to 2.2 
gpm/ft drawdown after rehabilitation.  
Recovery improved from 150 seconds to 90 
seconds.   

Relief well is currently at ~55% of original 
capacity.  Relief well should be evaluated and 
considered for abandonment and replacement (if 
determined to be necessary) due to its age and 
the decrease in capacity.  If not replaced, relief 
well should be capacity tested again in five years 
and rehabilitated as required. 

RW-66A 61/10.3 (5.9) 32.5/18.8 (1.7) 59.5/15.7 (3.8) 

Specific capacity increased from 1.7 to 3.8 
gpm/ft drawdown after rehabilitation.  
Recovery improved from 40 seconds to 20 
seconds. 

Relief well is currently at ~64% of original capacity 
but is still higher than surrounding wells.  Relief 
well should be capacity tested again in five years 
and rehabilitated as required. 

RW-66B 24/17.7 (1.4) 12.7/18.0 (0.7) 28.7/10.2 (2.8) 

Specific capacity increased from 0.7 to 2.8 
gpm/ft drawdown after rehabilitation.  
Recovery improved from 40 seconds to 20 
seconds. 

Relief well is currently at ~200% of original 
capacity.  Relief well should be capacity tested 
again in five years and rehabilitated as required. 

RW-66C 

23/12.3 (1.9) 

20.3/18.0 (1.1) 32.7/10.1 (3.2) 

Specific capacity increased from 1.1 to 3.2 
gpm/ft drawdown after rehabilitation.  
Recovery improved from 70 seconds to 20 
seconds. 

Relief well is currently at ~170% of original 
capacity.  Relief well should be capacity tested 
again in five years and rehabilitated as required.  
Repair leak around outside of pipe (bottom of 
vault). 

33/17.8 (1.9) 

49/26.9 (1.8) 

RW-67 46.3/5.9 (7.8) 1 gpm/drawdown 
below screen 14.0/10.3 (1.4) 

Specific capacity increased from drawdown 
into screen at 1 gpm to 1.4 gpm/ft 
drawdown after rehabilitation.  Recovery 
150 seconds after rehabilitation (not 
measured after pre-rehab test). 

Relief well responded to rehabilitation; however, 
it is currently at only 18% of original capacity.  
Relief well should be evaluated and considered 
for abandonment and replacement (if determined 
to be necessary) due to its age and the decrease 
in capacity.  If not replaced, relief well should be 
capacity tested again in five years and 
rehabilitated as required. 
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Relief Well 
Designation 

Baseline Specific 
Capacity 

(gpm/ft of drawdown) 

2020 Pre-Rehab 
Specific Capacity 

(gpm/ft of drawdown) 

2020 Post-Rehab 
Specific Capacity 

(gpm/ft of drawdown) 

Comments Recommendation 

RW-67A NA <1 gpm/drawdown 
below screen 14.5/13.6 (1.1) 

Specific capacity increased from drawdown 
below top of screen at 1 gpm to 1.1 gpm/ft 
after rehabilitation (note the initial capacity 
could not be measured due to immediate 
drawdown).  Recovery improved 
significantly from 20 minutes to 45 
seconds. 

Original capacity data is not available for this 
relief well due to immediate drawdown below top 
of screen occurring during initial test (and also 
during the pre-rehabilitation test).  Relief well 
responded to rehabilitation and is currently at 1.1 
gpm/ft capacity.  Relief well should be capacity 
tested again in five years and rehabilitated as 
required. 

RW-67B 

23/12.1 (1.9) 

12.2/17.0 (0.7) 20.7/10.8 (1.9) 

Specific capacity increased from 0.7 to 1.9 
gpm/ft drawdown after rehabilitation.  
Recovery improved from 150 seconds to 45 
seconds. 

Relief well is currently at ~100% of original 
capacity.  Relief well should be capacity tested 
again in five years and rehabilitated as required.  
Repair leak around outside of pipe (bottom of 
vault). 

35/18.7 (1.9) 

49/28.2 (1.7) 

RW-68 7.2 10.1/9.8 (1.0) 16/8.8 (1.8) 

Specific capacity increased from 1.0 to 1.8 
gpm/ft drawdown after rehabilitation.  
Recovery improved from 200 seconds to 
105 seconds. 

Relief well is currently at ~25% of original 
capacity.  Relief well should be evaluated and 
considered for abandonment and replacement (if 
determined to be necessary) due to its age and 
the decrease in capacity.  If not replaced, relief 
well should be capacity tested again in five years 
and rehabilitated as required. 

RW-68A 

23.5/1.7 (13.8) 

21.2/11.4 (1.9) 33/26.5 (1.2) 

Specific capacity decreased from 1.9 to 1.2 
gpm/ft drawdown after rehabilitation.  
Recovery decreased from 40 seconds to 
120 seconds.  More substantial sediment 
was drawn into the well during pumping 
than other relief wells tested. 

Relief well is currently at ~10% of original capacity 
and had significant sediment drawn in during 
testing.  Relief well design should be investigated 
and the well should be considered for 
abandonment, redesign, and replacement.  If not 
replaced, relief well should be capacity tested 
again in five years and rehabilitated as required.  
Repair leak around outside of pipe (bottom of 
vault). 

33.6/4.0 (8.4) 

45.7/7.4 (6.2) 

RW-68B 

20.5/14.6 (1.4) 

9.2/18.8 (0.5) 16.2/20.0 (0.8) 

Specific capacity increased from 0.5 to 0.8 
gpm/ft drawdown after rehabilitation.  
Four feet of sediment was drawn into the 
well during post-surge airlifting.  Recovery 
improved slightly from 150 seconds to 135 
seconds. 

Relief well is currently at ~50% of original capacity 
and had significant sediment drawn in during 
testing.  Relief well design should be investigated 
and the well should be considered for 
abandonment, redesign, and replacement.  If not 
replaced, relief well should be capacity tested 
again in five years and rehabilitated as required. 

31.2/19.5 (1.6) 

41.4/30.8 (1.3) 
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A. Introduction 

As a result of extremely high Lake Francis Case tailwaters, 55 piezometers on the down stream 
side of Big Bend Dam, South Dakota were submerged. The piezometers required rehabilitation 

and response testing to assure and confirm that they were working properly for their intended 

purpose of determining the groundwater piezometric elevation under areas of the dam. 

On December 9, 1997 Braun Intertec Corporation (Braun Intertec) was authorized by the U.S. 

Army Corps of Engineers (USACE) Omaha District Office to complete piezometer rehabilitation 
and response tests at the Big Bend Dam. This work was carried out under Contract No. 
DACA45-96-D-0004, Delivery Order No. 7. 

B. Scope of Work 

The scope of work for this project was provided to Braun Intertec by the USACE in a Scope of 
Services document dated November 14, 1997. The following tasks were carried out by Braun 
Intertec. 

• Elevation data for Lake Sharp and the Lake Francis Case tailwater for the period of 

piezometer rehabilitation was obtained from the Big Bend Project Office. 

• Prior to rehabilitating each piezometer, the depth to water and depth of the piezometer 

were measured and recorded to the nearest hundredth of a foot. The condition of the 

piezometer was also recorded. For piezometers having a protective outer casing, depth 
measurements were made from the top of the well riser pipe (inner casing or TOR), 

except in some instances where the riser pipe was considerably lower than the outer 
casing. In those instances, the measurements were made from the top of the protective 
casing and are noted as TOC on the field data forms. 

• Sediment was removed from each piezometer using compressed air. Plastic tubing was 

lowered into the piezometer 1 to 2 inches above the base. Compressed air was blown 

through the tubing, gradually increasing the pressure until it was sufficient to eject water 

and sediment from the top of the pipe. An up and down surging motion was used on the 
tube until the water appeared clear and free of sediment. Potable water was added as 

necessary to remove all of the sediment. 
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• Following rehabilitation, all water (to the degree possible) was removed from the 

piezometer with compressed air. A recovery rate (response) test was then performed by 

measuring and recording water levels in the piezometer at specified intervals as indicated 

on the Piezometer Test Data Forms in Appendix A. 

• After completion of the response testing, the final water level and depth of the piezometer 

were measured and recorded. 

• The recovery rate test data were analyzed using the aquifer test analysis computer 

program AQTESOLV, developed by Geraghty and Miller, Inc. An estimate of hydraulic 

conductivity was obtained for the aquifer in the vicinity of each piezometer at the horizon 

of the well screen. 

C. Deviations 

The following deviations to the proposed scope of work occurred. 

• A post-response testing piezometer depth was not measured on the following wells: 

D-760-RB, PZ-2, PZ-2A, PZ-4, PZ-6, PZ-8, PZ-8A, 11810-RB-A, and H1060-RA. 

• Piezometer F560-RB was damaged prior to our arrival at the site. We were able to repair 

this piezometer by reattaching the riser pipe; however, the lock ring remained broken and 

a new cap is needed. 

• Ten of the piezometers contained diesel fuel. According to the Big Bend Project Office, 

the diesel fuel was added several years ago to keep the water in the piezometers from 

freezing. Based on information provided to us, at one time the thickness of diesel fuel in 

the piezometers ranged from 1 to 7 feet. At the direction of the Project Office, wearing 

protective clothing, Braun Intertec personnel used compressed air to eject the diesel fuel 

along with the water onto the ground surface. 

Due to malfunction of one of the water level tapes, we used a water level tape borrowed 

from the Big Bend Project Office for some of the response test measurements in three of 

the piezometers. Since the borrowed water level tape was marked only in 1-foot 

increments, we were only able to take measurements to the nearest tenth of a foot using a 

ruler held against the water level tape. 
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A piece of PVC pipe was inadvertently dropped down PZ-5, but was later retrieved. 

The depth of a piezometer outside of the flooded area, E130-RB, was measured and 

assessed for the presence of sediment as a comparison to the wells in the flooded area. A 

noticeable thickness of sediment was observed. We were not able to determine the 

thickness of the sediment without knowing the constructed depth of the piezometer, but 

the feel of the water level probe at the base of the well was similar to many of the 

rehabilitated wells. 

Two piezometers (PZ-2A and PZ-8A) were dry when initially checked and remained dry 

after rehabilitation. Therefore, response tests could not be performed. Piezometers 

B480-R and PZ-22 initially had water but remained dry after rehabilitation, and 

piezometers PZ-11A and PZ-14A had very little recovery. D760-RB-A,, J970-RB-A and 

PZ-25R had a very fast recovery, with most of the recovery occurring before 

measurements could be made. Therefore, hydraulic conductivity values were not 

calculated for any of these wells. 

• Six piezometers (see Table 1) had ice which prevented us from obtaining an accurate 

initial water level measurement. Likewise, ten piezometers contained diesel fuel, which 

did not allow an accurate initial water level measurement. 

None of the deviations described above prevented us from achieving the goal of removing the 

sediment in the piezometers that resulted from flooding. With the exception of the dry 

piezometers and the ones showing very little recovery, none of the deviations are believed to have 

affected the recovery rate test results. 

D. Results and Conclusions 

Table 1 provides a summary of water level measurements, well depth measurements and well 

conditions. General field notes and completed Piezometer Response Test Data Forms for each of 

the piezometers are contained in Appendix A. Well depths measured after the response testing 

are indicated in the comments column. On most of the forms a notation of H (hard) or S (soft) 

was used to indicate whether sediment was felt (i.e., H indicates that no sediment was felt). 
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As shown in Table 1, the initial depths measured by Braun Intertec agreed fairly well with the 

depth measurements made in Augus  C 	xeept for in piezometers F560-RB, PZ-2 PZ-2Aand 199   
PZ-21. The likely cause of this discrepancy for PZ-2 and PZ-21 is that the August measurements 

were made relative to the top of protective casing while our December 1997 measurements were 

made from the top of riser. The August depth of F560-RB was nearly 1 foot deeper than in 

December indicating additional sediment entered the well after August, or an inaccurate 

measurement was made. The August depth for PZ-2A was approximately 0.5 feet greater than 

the December measurement; however, the well was dry in December and no sediment was felt. 

Sediment was generally felt prior to rehabilitation in the piezometers unless otherwise noted in the 

comments section of Table 1. Fourteen of the piezometers exhibited an increase in measured 

depth greater than 0.1 feet after rehabilitation. 	Of these, five had an increase greater than 1 foot; 

these are listed below. 

Piezometer Feet 

F560-RB 1.33 

H1060-RB 0.95 

H1310-RB 2.20 

J474-RB 0.64 

J662-RB 0.63 

With the exception of F560-RB, clear, sediment-free water was obtained from all of the wells at 

the end of rehabilitation and prior to the response testing. Piezometer F560-RB was flushed for 

one hour without achieving clear water. An additional well volume of water was removed prior 

to response testing; however, sediment was still present. This was the piezometer that required 

repair prior to rehabilitation. A white precipitate believed to be scaling was observed in the 

water removed from some of the piezometers. 

At the end of the response testing, a small amount of sediment could be felt using the water level 

probe at the base of many of the piezometers. This sediment is believed to have come into the 

piezometer through the screen during water level recovery. That this sediment originated from 

the formation rather than from the flooding is supported by the fact that a piezometer we checked 

outside of the flooded area (E130-RB) also contained sediment. The transport of fines from the 

formation through the screen would not be unexpected for driven wells such as these. 
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The post-rehabilitation depth for piezometers J970-RB-A and J1220-RA was about 0.1 feet less 

than measured prior to rehabilitation, suggesting sediment entered the piezometer through the 

screen during rehabilitation. Piezometer PZ-19 exhibited a greater than 1-foot decrease in depth 

which appears to be related to formation sand entering the piezometer as further discussed below. 

Hydraulic conductivity values obtained from the recovery test data are provided in Table 1, and 

data for each well are presented graphically in Appendix C. Hydraulic conductivity values ranged 

from a high of 3.29E-02 cm/sec in PZ-4 to a low of 1.76E-08 cm/sec in J662-RA. 

Water elevations for Lake Sharp and the Lake Francis Case tailwater are provided on the data 

sheets in Appendix B under the columns headed EL and TW, respectively. A graph of this data 

is also included in Appendix B. Although fluctuations in the lake levels may have influenced the 

water levels during the recovery rate tests, we do not believe the results would have been 

significantly affected. Fluctuations in the recovery rates are more likely to be a result of variables 

such as measurement and equipment accuracy, and these generally even out during data analysis. 

All of the wells appeared to be in good condition with the following exceptions: 

• The riser pipe for F560-RB was broken and had to be repaired, as previously discussed. 

• A partial obstruction was encountered at a depth of 14 feet in PZ-11A. This may be the 

result of a damaged screen. Resistance to the water level probe was observed in PZ-11 at 

a depth of about 47.4 feet. 

• The riser pipe for B480-R was bent slightly, but was still fully accessible. 

• The protective casing for PZ-17 was found lying on the ground next to the piezometer. 

The piezometer was still fully functional. 

• Fine- to medium-grained sand was observed in the water ejected from PZ-19. This 

sediment was considerably coarser than the sediment observed in the other wells, and a 

greater amount of sediment appeared to be present at the base of the piezometer after 

response testing. Although sediment-free water was obtained from the piezometer upon 

completion of the rehabilitation, it is possible that the screen is damaged. 
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As confirmed with Mr. Dave Kane of the Big Bend Project Office, no site restoration was 

necessary after completion of the work. 

E. General 

In performing its services, Braun Intertec used that degree of care and skill ordinarily exercised 

under similar circumstances by reputable members of its profession practicing in the same 

locality. No other warranty is made or intended. 
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Table 1 
Summary of Piezometer Rehabilitation Data 

1,2iiiiieter: 
VSACE 

 	: DON*  
noi 

:::PON:::: :::::::::1)16i( 
..otet 
Oat: Condition ::ciiiisec ... 	lit. 

B480-R 13.1 13.1 13.11 5.33 Good IR No sediment felt with probe prior to rehabilitation. 

C480-R 20.6 20.71 20.71 17.81 Good 3.57E-05 No sediment felt with probe prior to rehabilitation. 

D760-RA 44.7 44.77 44.78 4.70 Good 5.94E-06 Sediment felt with probe after rehabilitation. 

D760-RB-A 84.6 84.62 NM' 4.56 Good NA'' No sediment felt with probe prior to rehabilitation. 	Ice in well at 4'4" after rehabilitation. 

D1160-RB 82.6 82.82 83.12 5.03 Fair to good 1.15E-06 Sediment felt after rehabilitation. Well in general good condition but poor seal in annular 
space around well. 

F560-RA 49.2 49.25 49.28 5.50 Good 5.18E-05 Sediment felt with probe after rehabilitation. 

F560-RB 82.9 81.98 83.31 6.59 Damaged 3.99E-06 Well repaired prior to rehabilitation. Well flushed for 1 hour using 40 gallons water. Did not 
clear. 	Sediment felt after rehabilitation. 

F760-RA 52.1 52.14 52.17 7.05 Good 7.87E-04 Sediment felt with probe after rehabilitation. 

F760-RB 82.9 82.93 83.18 6.10 Good 6.96E-05 Sediment felt with probe after rehabilitation. 

F960-RA 36.4 36.42 36.43 8.12 Good 6.20E-04 Sediment felt with probe after rehabilitation. 

F960-RB 84 84.06 84.07 8.29 Good 9.50E-04 Sediment felt with probe after rehabilitation. 

G680-RA 34 34.04 34.27 4.28 Good 4.64E-04 Sediment felt with probe after rehabilitation. 

G680-RB 83.3 83.26 83.28 4.46 Good 3.79E-05 Sediment felt with probe after rehabilitation. 

G880-RA 43.6 43.68 43.93 ice- at 2.22 Good 3.71E-06 No sediment felt with probe after rehabilitation. 

G880-RB 81.8 81.73 82.18 4.93 Good 7.16E-05 Sediment felt with probe after rehabilitation. 

H560-RA 34.2 34.32 34.32 DE' at 7.60 Good 6.40E-05 No sediment felt with probe after rehabilitation. Diesel fuel in well. 

H560-RB 87.7 87.56 87.56 3.63 Good 7.01E-07 Sediment felt with probe after rehabilitation. 	No lock on well. 

H810-RA 35.5 35.62 35.70 DF at 5.96 Good 2.27E-05 Small amount of sediment felt with probe after rehabilitation. Diesel fuel in well. 

H810-RB-A 86.9 86.9 NM ice at 2.85 Good 8.79E-04 

H1060-RA 38.2 38.33 NM 6.19 Good 2.70E-05 

H1060-RB 83.5 83.51 84.46 ice at 3.33 Good 1.84E-05 Sediment felt with probe after rehabilitation. 

H1310-RB 82.9 82.87 85.07 4.52 Good 3.53E-05 

J474-RA 42.4 42.40 42.40 DF at 5.0 Good 5.59E-05 Sediment felt with probe after rehabilitation. 	Diesel fuel in well. 
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Table 1 (Continued) 

: ...:.:.:.::i:  
::,:::::::::::::.:....::. 

i::::  Pleidili0Of F 

. 
::::.U.$4C 
•:::::AefiiV.;:,:.:. ::i:1 	.ktit 	2':  

. 	..in 	. 	.. 	.. 
:;:116iiii0;::::::::.: 

..-:.]:::., 	,..... 
..::::: :174t01(::: 
. :.:: :::;:1_*W::: iiiii06011.. ...:::::::.::.:: CIIVke:::,  :::COirittil 

1474-RB 91.7 .. 	91.67 92.31 3.25 Good 5.84 E-07 Sediment felt with probe after rehabilitation. Diesel odor in well but free product not 
observed. 

J662-RA 25.6 25.76 25.77 DF at 6.00 Good 1.76E-08 No sediment felt with probe after rehabilitation. 	Diesel fuel in well. 

1662-RB 91.2 91.22 91.85 4.63 Good 1.86E-05 Sediment felt with probe after rehabilitation. 

J970-RA 42.93 42.76 42.78 DF at 6.52 Good 1.85E-08 No sediment felt with probe after rehabilitation. 	Diesel fuel in well. 

J970-RB-A 82.5 82.46 82.35 DF at 4.70 Good NA Sediment felt with probe after rehabilitation. 	Diesel fuel in well. 

J1220-RA 38.2 38.36 38.28 2.68 Good 5.00E-07 

11220-RB 83.8 83.88 84.00 0.74 Good 4.82E-08 Sediment felt with probe after rehabilitation. 

PZ-2 40.7 39.90' NM 5.91 Good 5.84E-08 No sediment felt in well prior to rehabilitation. 

PZ-2A 14.9 14.36 NM dry Good dry No sediment felt in well prior to rehabilitation. 

PZ-3 42.3 42.3610  42.36 18.11" Good 2.04E-04 No sediment felt with probe after rehabilitation. 

PZ-4 39 38.98 NM 14.89 Good 3.29E-02 No sediment felt prior to or after rehabilitation. 

PZ-5 40.1 40.12 40.36 16.38 Good 1.23E-05 Sediment felt with probe after rehabilitation. 

PZ-6 40.0 39.80 NM 12.45 Good 5.54E-08 No sediment felt with probe prior to rehabilitation. 

PZ-7 41.2 41.22' 41.22 ice at 2.82" Good 2.28E-07 No sediment felt with probe after rehabilitation. 

PZ-8 40.2 40.10 NM 17.36 Good 5.06E-5 

PZ-8A 17.2 17.27 NM dry Good dry 

PZ-9R 47.6 47.61 47.61 19.09 Good 2.97E-04 

PZ-10 49.8 49.77 49.84 19.21 Good 7.52E-06 No sediment feltprior to or after rehabilitation. 

PZ-11 50.37 50.27 50.30 15.88 Good? 4.74E-07 Sediment felt in well after rehabilitation. Well in good condition at surface but appears to 
have partial obstruction at 47.35 feet. 

PZ-11A 16.3 16.24 16.25 15.63 Fair 1R6  Sediment felt with probe after rehabilitation. 	Partial obstruction at 14 feet. 	Possible screen 
damage? 

PZ-12 50 50.03" 50.04 17.25' Good 2.03E-06 No sediment felt prior to or after rehabilitation. 

PZ-13 51 51.03" 51.04 17.1110  Good 4.72E-05 No sediment felt prior to or after rehabilitation. 

PZ-14 48 48.0810  48.13 15.60' Good 4.42E-05 



IR No sediment felt with probe prior to rehabilitation. 

IR No sediment felt with probe after rehabilitation. Diesel fuel in well. 

NA No sediment felt with probe after rehabilitation. Diesel fuel in well. 

16.4 PZ-14A 

49.4 PZ-15R 

38.5 PZ-16 

42.8 PZ-17 

41.6 PZ-19 

29.6 PZ-21 

14.6 PZ-22 

27.9 PZ-24 

44.3 PZ-25R 

:DOW 
iiva Ater 

Condition 

16.601° 16.60 ice at 3.591°  Good 

49.45 49.47 11.60 Good 

38.62 38.74 6.12 Good 

42.82 42.96 ice at 6.09 Damaged 

41.60 40.53 DF at 6.11 Damaged? 

29.10" 29.10 3.17 Good 

14.60 14.71 DF at 7.08 Good 

28.01 28.01 DF at 7.40 Good 

44.24 44.24 DF at 6.10 Good 

9.30E-05 Sediment felt with probe after rehabilitation. 

2.33 E-05 Sediment felt with probe after rehabilitation. 

7' riser stickup. Protective casing on ground. No lock. Sheen on water flushed from well. 7.87E-06 

Well in good condition at surface but may be damaged below the surface, allowing formation 
sand to enter well. Well depth after removing water and prior to recovery was 42.08. Diesel 
fuel in well. 

9.40E-05 

Diesel fuel reportedly added to well previously; however, no odor or free product was 
observed. 

3.27E-06 

No sediment felt with probe after rehabilitation. Diesel fuel in well. Strong odor after 24 
hours. 

4.59E-05 

MI • MIN NM leill 	 I= MIN MI I= • MI MIR =II Mill MN- 

Table 1 (Continued) 

Notes: All depths in feet. All Braun Intertec measurements made from top of riser except as noted. 
1. Measured by USACE in August, 1997. 
2. Measured prior to rehabilitation. 
3. Measured post rehabilitation. 
4. Measured prior to rehabilitation. 
5. Hydraulic Conductivity 
6. Inadequate or no recovery 
7. Not measured. 
8. Unknown thickness of diesel fuel on top of water in well. 
9. Top of riser 0.80 ft below top of protective casing; this is the likely cause of the discrepancy relative to USACE depth. 
10. Measurement made from top of protective casing. 
11. Top of riser 0.58 feet below top of protective casing;this is the likely cause of the discrepancy relative to USACE depth. 
12. Not analyzed. Very fast recovery. Most of recovery occurred before measurements could be made. 
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TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC /5, ii(bgli 
15 Sec TOC 

30 Sec TOC 

45 sec TOC 

1 min TOC 

2 min TOC 

3 min TOC 

4 min TOC 

5 min TOC 

10 min TOC 

15 min TOC 

20 min TOC 

25 min TOC 

30 min TOC 

1 hour TOC 15./1 M41 
2 hour TOC 13/1 2372-1 
24 hour TOC /3 f/ 0, 	/3.il 
Static Water Level 2: 	5. 3 3 Measured by: 4 14 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

 

DATE: 

PIEZ. ID: d Lk:30— 
LOCATION: Big Bend Dam, SD. Depth of Piez: /3, / 

Monitoring Instrument: Weather: el-e--f)  49' 6- c  / "Y  8 F- _ 	 .1.. ., ,..._, 	14.11,4-1D 	4-7. 	/0 .0,-,ire 

1  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

	

Additional Comments:  Gt./47t 	 ''‘)/t/z.) /7"/47"1. 	 Z.9/777L 5 I19'h'dy 

40,217-1.  41/2_. 	 /1;Ko.esb"  4u 3/4t7L4 ffEJ5,2L5 e/w-r;ye7 .5 -7e-8%-- A-r  

64-77-0/4 	 . ND 5 1a ovz--,Itt-r* O ca sb-27et 0,4" F/aP/ 4--. /?4:zz. =1..) 5 4.4..ezz_  

UPLu 	 4,9,9-rb—e 	pLekie APreie 	werzt_  



Attachment 3. Piezometer Response Test Data Form 

1 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

/Z — /3 — c/ 7 

PIEZ• ID:  C 1.4 80 -12. 

LOCATION: Big Bend Dam, SD. Depth of Piez: 	2 a'.. 7/ 

Monitoring Instrument: 	5oLs3Nili<r 	 _ £ 	il /2. ..v," Aiky, 20°1--  
Weather: iv  pui waut  e ity 0,10 4 

TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 

15 Sec TOC 20, 70 114-6 0-0 - 

30 Sec TOC 2.0, 6..3--  1 ,.);, if6 	0 5 0. 0 ..c7.). 

45 sec TOC 2.0, 6 3 i,-5,..\ (.6 ‘ 01 0 02. 

1 min TOC 220, 6 2. 1-3,,y6 	06 0 	01 

2 min TOC 20,57 i Nch.  0 o ob 

3 min TOC 20,5-3 i  -,.),,icii , 	\ 1 c) ,  04 

4 min TOC ZO..5-D t"))a(15 	iL,D ° 	C) -5  

5 min TOC 20. V.e, ) ?),„ii 	zi,\ 0 , ,:>-1 

10 min TOC 2e)- 2c? ,),..ff, 	,L.\ \  0 	,.1 

15 min TOC .2,0 • /4 OA%  ,:- g  0 	1 5.  

20 min TOC 20 . 00 i'.)Lt`b • 10 ° • 1'4  
25 min TOC /I, Sel k NAI ,(\ 0 	1 i 

30 min TOC 19,1. N53 .q6 0 '``i 

1 hour TOC / ci.  18 ,?)',,\ci . •-i,. C . 51 

2 hour TOC i6 .3 i 1?)50.3ci 0 	,-1 

24 hour TOC 18 ."- i 	0 .6 – 	2AP 00 71 t' 
, 	ceA 	k.  4a  

4" 	— cNe.,.., 	1.;- 

Static Water Level': 	 / 7, 3 / Measured by: 
All measurements in 0.01 feet. 

2  Static water level recorded prior to piezometer rehabilitation. 

	

Additional Comments:  4',0 	A) Z1'04)2) n9A)617/07)  Al L 17Vg  
A..IO  • ".` 	Arm. 	 C)-E t' '01> - A FTek.L..  

	

E. # VetL Fleom 	Jorti 	CL v Lum 	 14-reg._ 	tiep 
Gt-rkit. 

77 



Attachment 3. Piezometer Response Test Data Form 

1:0o 

[36. 

Z :06  

3:00 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 
/2- - lt=f — 417  

PLEZ. ID: A 76;0 1,ee  

LOCATION: Big Bend Dam, SD. Depth of Piez: vii: 77 

Monitoring Instrument: 	fed ck 74_454 (/ -4,  ;,,,/e,,,,,./.) Weather: C44171',.5:„::::,,/ --'2s--,ii  

TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC //... -/... / 
1;V 

...-• 

15 Sec TOC 41-9. 1-3Z ̀e O 
30 Sec TOC 37,95- 1532 ...< 4.05 
45 sec TOC 3i, 73--  t 3  ;_-.',;_ 5; 0 
1 min TOC 9. 1 -2;-`6 • 6".  
2 min TOC 1/3 5)--  

3 min TOC 174 3 , 5--  13.-A 

4 min TOC Lt. 3, 5- i -2aq 0 
5 min TOC 433 1 2,7A . . 2.. o .2 
10 min TOC 4'2. (3 

12) 	
,1 1 0 . E1-  

15 min TOC --- -- 

20 min TOC q74710 I 4 ;-'> 1 . 1 

25 min TOC 1/0 .4/6 fv-,..-5i _ L, (D ._) 

30 min TOC 440,30 i”z ,i, (I') , V 

1 hour TOC 37.‘,0 t23 1 .,Ci 1,1 

2 hour TOC 5Z. V5-  43i.to 	05 5 , i 5 Aizet, .7701.,-,e- 

24 hour TOC -ci.1161 t-.2.7u.i .51 21 , 1,4 4/11 7 e; 	('‘) 

Static Water Level 2: 	LA 7C Measured by: 

I  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments:  tuaL 	6ea, (70,--trr,v)./_ 	 evez.c.„, 
p,- 	r.).; , , 	, 

P-Cose://4.,/;  



TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 6 0 
11 7, 6? 1 .: 1v Li 	i'l .— 

15 Sec TOC 65:19 11/-15. 0  0 ' 6C& 

30 Sec TOC 4/- 	c4., g 	1.-, t :2-,,, (5 , cvo 0 	I?? 

45 sec TOC 41, 70 1;121°16. 	0t-1 1 , 14 

1 min TOC g-, 	91  I:41? • 4191 0 •O 

2 min TOC 1;040- lq i . 	c) 	'-‘ 

3 min TOC 

449:t  

1-f5-6 f v)ii  o, 0 IA 

4 min TOC f.t 56' t NA, , 

5 min TOC 6/5-( i?Duk, tE 4 

10 min TOC ei:s g. (.73t, Az 

15 min TOC V. 51 17)\,. 	.1?: 0 

20 min TOC 1Y - 5.---(.P i :3ck., 	I C) 

25 min TOC 4  4(41 i30, 	iS 0 

30 min TOC 4/. 6-'3 t 2,,,,v, , .,-,1 c. 01) /-64Zifi? 	1-71,e 

1 hour TOC I-4.51S c 3(., 10  . 2,1 0 

2 hour TOC ,,c3 t2,,,f,6 	.11 „, 

24 hour TOC V .5 1271cA) - It C) 
;ice, ‘,1 	.A.4 ,1t. 	AA 	4L1 

Static Water Level': 	11.56 Measured by: 	/ex 

2 Z3 

11 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 	- 
/2— /<a-` `2 7 

PIEZ. ID: Z, 	-74,,0 e6/  

LOCATION: Big Bend Dam, SD. Depth of Piez: 	54/. (a -2 

Monitoring Instrument: 	/../Aze0 Weather c'-C67'''''` • .7441 eV< .14. 	4 
"")7'''.---  4-.  T.'  ..yed. 

1  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments:  LCACZ4. /A./ eifko .5 -If -WC, /tier ...sigzt)716:vtri"  

;25751717  / ‘4)e-r24 	eld-noel) 4̀1/.3 «LW/ l/C)4,  0"4-6 "^* CAI / 	 t- ens _  

eVArr2...en SAAVL.  



TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 3 c7 2 ; 4-7 IL - 

15 Sec TOC 8 2 ,r-y z 1-7 (61 .V. 0 . \ 

30 Sec TOC F2,e2 12A1 .ii 0.05 

45 sec TOC ,532 , s 2 12.11 ,  qi,  0 -05 

1 min TOC SQL.  so irvi 414 0 .c.--)2 

2 min TOC 2..6:‘ I 7-(3t , 0'6 e , 14 

3 min TOC S 2 , 52 12::,3g ,-,,,2,.. 0, 14 

4 min TOC 8 2.4./3 1 7:13 .31  c)  C°1 

5 min TOC 2 , 3S" IZ-V -3ci 0'..6 

10 min TOC 82 _ oc, c2... si 14 0 3.5 

15 min TOC r/. 75 1cip6-cici 0. Z5 

20 min TOC g ( . 5 < (2,-0. `1 b ,2 

25 min TOC $'l . 33 1.7A9 .4k 0. 22 

30 min TOC f 1 , ! Li 1.-i9,(20, 0 	‘t-.1 

1 hour TOC 3/1. Op 12610:14 I ,  i 4 

2 hour TOC 17. 90 12q2 , 1 Lk 2 ,1 

24 hour TOC g"-\ ..6.V CA )21. 05 34,  21 3312. 	(61 

Static Water Level': 	5-, 03 Measured by: 

3:i 2  

1 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

/2._ - /e., -- ,- 7 

PIEZ. ID: 	iv too  et-3, 

LOCATION: Big Bend Dam, SD. Depth of Piez: 	3'2. T:_-_,. 

Monitoring Instrument: 	/44zr4) 
..v7g,..5,,•',",47' ,,x7.' i--  Weather: y..,..,774„ 	,,,,_ 5-. 

I All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments:  ei--16-7--1- /1°:6-c9t (10:4/0/77efti, (5-ebt,-,14;07-  it-7-4.  
/Ad gO 	n C)177 0 	40;ereAT 	404- ret9A1 bi.".c.7,4/1.1/1 5-01ePiCkYd- 

6-11/eArt-  .fiwe.  ewre7rs 	 5-7-4ec,  
irffre-  rzt--1 	 _ell liev 	 ec,i,  

p 



TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 447-°/1.7 13-2)D-131 
 

15 Sec TOC 411 43 i3zL25 0.,A2- 

30 Sec TOC 4'7 31 i 3.•.' 1  - 31 0 . 04 

45 sec TOC 4-7. / 8 t . -2Li _-se 0 	2-k 

1 min TOC 4`( ,  . (if) l 	-2-- ,,,--) E, O • 2- 

2 min TOC 4:11.v . C I 15'2-7 -Z-4 0 . '-‘1 

3 min TOC 1.6 qg 13-:s 2'6 c,1 

4 min TOC 44.  / i  i 	,-2,..,--1,04 C 11 

5 min TOC qq-(4 13;.'ii , / O•vb 
10 min TOC '/0 .2-3 i'..) ;Jik 	,-.; 3 ; 	̀8.; 

15 min TOC g'7 .60 ( 	?-,-,, I 	-..k.7 2-73 

20 min TOC gy ., 7s- ( -3-7-,..1 . 0 1 7 .1.5 

25 min TOC 3 i .14 t--3-51 , (3,1 3. 0 3 

30 min TOC ZI. 	'‘O 12.)-?:A.Clk.1 I 	11 2- 

1 hour TOC 2,. j. 	,71 ('o  t{ 	.4 61 1 	.6').-) 

2 hour TOC ':\ 	Ilk (368 , 0 a, 1 t, „ 	5- 
24 hour TOC St 50 i 1-,L03- 2-U F; Zi\ It' q - 2  ' 
Static Water Level 2. 	54  5-0 Measured by: 

1 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

tz..— / 4/— 5 1 

PIEZ. ID: , ... 6,6,0 	le 4 

LOCATION: Big Bend Dam, SD. Depth of Piez: eil 1  2 5-- 

Monitoring Instrument: 	(;0(...0 N)151 
SaMmi . ‘t_e-7 4eZ , AD °C--  

Weather:   

1  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments: 	 411/  

(761 	717 .0/1- f (..)51*-4 (-0/ 7"-fitzeZ-7 	(A:4: r../..s142  s,  



g51 

Additional Comments: 

Attachment 3. Piezometer Response Test Data Form 

1 

I 51 
 

PROJECT: 	Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 
i.z. —At- 1-7 

PIEZ. ID: F _s---620 •_ pin 

LOCATION: Big Bend Dam, SD. Depth of Piez: ?i,„ qF 

Monitoring Instrument: 	5ow A.I s'-r-  Weather:
'S  e, ',( ti 

csu' 6 
'-- i 

rv,$);,, 

TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC ?.2-'-it 126'1.11 -- 

15 Sec TOC . 3J ! 	-1 . (16 0 , OG, 

30 Sec TOC et -2 - 32. i 7.-`c  i , 	(-) 0  '0:3 
45 sec TOC '62 - 2:7 1257 .2A 0 .O 

1 min TOC 552-2 t 1;-'67. 5 k 0 '0(0 . 5 	':'' 	'..4.1-1-i.ci'vv... 

2 min TOC S.2  " CS-  IVO - 141 0 • l(,, 

3 min TOC %- - ctS 12-67 , 	(.) C '12- 

4 min TOC S1, 	Z. 12, -.15 -) .-To 0 	k 1 

5 min TOC 1 ..--1 1 2. "̀.61 	ciSk 0 	t k  

10 min TOC '.0 .`1S' l2Sg 51-1 0 13 

15 min TOC ‘`.` •s5 (2`'66.'8 0.43 

20 min TOC qo ,02 i741 ."-)6  0 53 

25 min TOC -1c1 4(4 i 2"10 .(Re 0 ,51.,  
30 min TOC 'n cr-s—  1210 ., 51 0 5-1 

1 hour TOC -Ao • Cc) 11°1.3 '13  2c l,,, 
2 hour TOC --):1, 	32- 11 11 CI -2' 5 ,21 

24 hour TOC r 2- 41 i ?>61  '°4 c8 . 35' 33  . 51  ( 5') 

Static Water Level 2: 	C Measured by: 	C te_ 
1  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 



1 

c; 41 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

/ 2-.- /Y-  7 7 
PEEZ. ID: F  760 	12 4  

LOCATION: Big Bend Dam, SD. Depth of Piez: 5 Z . / V 

Monitoring Instrument: 	50c- "1" Weather: '' ( '''' ii 	i) Ai  	' ic'''.  Nek..,sn .0 a  

TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC :3z 	Fo 15?)4.9,i_ — 

15 Sec TOC 31,. ?0 i 3.3v  . tA LA 2 . bo 

30 Sec TOC 30, 6 0 11, .4 . ki,..k  2 20  

45 sec TOC 2.9. 00 I "yio 2,4 I 	i.) 

1 min TOC 2 7,4,9 I 3,42..0Q 1  . <U- 

2 min TOC -2 2 ,-/. 0 134-7 D'A 4 _c 

3 min TOC 11 	, (21 19.6 i 	u?)  -I : 5Ct 

4 min TOC i 4 , i 93  0,54 , 4-47 - . 2 . '2)3 

5 min TOC Vl , (45 1.1.15' u , tv  \ 2 . i5 
t  . I-0'min TOC 1.30 P)-■P \ 14 15 '13  
iL,  ,1-5-min TOC I  ' I ' 1iV2.. DC\ o, 35 

20 min TOC -T. a £ i"..)A,IL 11:k O • st 5--z . 17 t, . i derii: 0-  ) 

25 min TOC "7 	5----  1, Ru2 - VA ' 
30 min TOC 1, 0 vliv2 - V\ u  
1 hour TOC 1, 06  V).,\ 	, A 3  

2 hour TOC 1 ' O 0\0/2,... \ t\ 0 

24 hour TOC .7 'it) S \lc 1, 0 0 

Static Water Level 2: 	7 05 Measured by: 

All measurements in 0.01 feet. 
Static water level recorded prior to piezometer rehabilitation. 

Additional Comments:  to c...5u (iv 6•00 ,  ("uz.2/770 , Sei)(ise,117-  ec?4,-rxi ` 7-ei)  
/17---  MS6 e7 	ti!' 	-- , .5e-bfkicArr Q,J TI 	ef-= 	-2-,41`V.  ,(4,=7"e""-  

X1-e-PIGV,1“- f"-le-0151 	 1?"-' 511 Et) 	CT* yA5t L7-PeAL  
‘1,147re .5' CM e c:4  tr. 	e keC r P 17-  Fri' CZ 	F"  

1 



// =cm) 

1 

/CVO 

1 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 	 , 

1 Z. - / 5 - Y 7 	, 

PEEZ. m: f 7(O / 
LOCATION: Big Bend Dam, SD. Depth of Piez: z  , ' 3 

Monitoring Instrument: 	SOWN‘:;--c 	  
P4/2.7Z Y rtc"..,;)/ i 7o F  

Weather: N 	4,,i),up /4. s- fr.?, 0  i., 

TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 7s, // i , ,:( .o . 1 8 — 

15 Sec TOC -72, y_e 12 c\D .6; 0 v5 
30 Sec TOC 9-e— _ 

45 sec TOC 2 6/ 70 i2j1i.c-,c) , 
1 min TOC 76.3c 12c 1. cH c.35" 

2 min3o5 -e TOC 7 3 	3 1 2.  q LI , `ii  2 .41 

3 min TOC 7 3 . / ? 1.2 CA') 	12- Olt 

4 min TOC 72. io aclk v .0c1 4 03 
5 min TOC 6 (7 .. `,5)0 12 CI o 	,--i':\ 7 4 

10 min TOC ;/,/5-  1 ?)0.-7 . 	1_,..k 6,, 	-. 

15 min TOC 55-. ii < i ;-) 	2,01/2 S  5 

20 min TOC q it. Z4 i;')CCI 	05 6.,-U 

25 min TOC 1.42, .CO 1930 2 0\ .7 , zil 

30 min TOC .$ -7 6  0)0 ,o4 3.-K 
1 hour TOC Li . ell_ p5`,, 7.51 Z6-. 53 

2 hour TOC 6 .9'7 i?).:2\ ,',-,' i„,  3-.15' 
24 hour TOC 6, /1 17);ill.ki:... 0 . Re 3 /27 	(5) 
Static Water Level 2: 	6, /0 Measured by: 	(......7_ 

I  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments:  d/L1-‘ i.- 	4/00,,A eleA/0/ r/vAk i2,7-Amvneerr fevr 	‘414-̂ "  

TAP 	 ,;J 	et.kat- e'aii.oes• 	xkle- 



TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 30„ 20 1?...;,Vil  , 	2, -- 

15 Sec TOC 27, /O ):?,,AO, 12_ I 	(p 

30 Sec TOC 25,042 I 	Li.1.2.2__ i- 	i 

45 sec TOC 26 	5--  1,42-5.7 1,35-  

I min TOC 2 c, ;-.3 ---) , 	4-6. 35 OA 6 

2 min TOC 2 / , 3i 13i4-7 . (II 4, 5L'' 

3 min TOC / ci  , 0 2 1350 , zo 2.29% 

4 min TOC / , 25 1352.'1,4 2-14 

5 min TOC / t.., 3 0 1354 , cli i , 	01 ki).) 

10 min TOC a.. 7 7  i3,4-0,z5--  L - Y5 

15 min TOC 5,  . / 9 1 ;,-7.)  	(54 0.1c1 

20 min T°C  , 1Z 1- 4.1. 	IC 0 .0V 

25 min TOC y.12— t=,,, t, 	(c) 0 

30 min TOC 14 1.3k,:t 	tO 0 

1 hour TOC gr, /2 130_ to 0 

2 hour TOC 11,) (30,01 - o 0 .■ 

24 hour TOC '3'. I5' t?)to I . cc7 - 0.02_ 3C, 4/3 	e'') 

Static Water Level': 	?,1)- Measured by: 
 / 	- 

' vo 

1 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

/2--/6 —.97 
PIEZ. ID: i- 9b0 ,e4 

LOCATION: Big Bend Dam, SD. Depth of Piez: „,;"G y, ey/2 

Monitoring Instrument: 	SOLON45-1-  
ccci,vy,  e 	/70 

. Weather. 

All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments:  ZoCtc /,v 600z,  co A.,01:7870 	se.i.),/,7e.v-r- 

171-0110 4 ji 3 	 - i u „trer_ LSC eyi,„2 
/72 7-  /"..' 

 



TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

' 	0 TOC 6 0,, /7 0 1  - e,c-t 	3  
il 

15 Sec TOC 52.  22.  L.20,2 _ i ci 2.-9,.... 

30 Sec TOC ,55,90 15N  , Do k . S '2_ 

45 sec TOC 53)0 pos-  --n 1,10 

1 min TOC 52, 9 i 0 1 2,11 . 0'0 i , 7-1  

2 min3C.czi; TOC 4e_ 2 , 6 5" 1321., T-S" CI, - 7 

3 min TOC 40, cc  t3 Lei  , L40 2 .v5 

4 min TOC 39,90  1 v_.,4  . 50 5- i 

5 min TOC 2 7, /0  1340. 25)  5. e 
10 min TOC / 3 , tb. 0 1 ?-,c5 --5-  . S c)  I 6 .---. 

15 min TOC V. &f3-  1 .?wt,  . 7r4 0. e15 

20 min TOC St 	1 )?-)kpl . C.\ 0 ;34  
25 min TOC S . 3C,1 cl.m . ID 0- 0 i 

30 min TOC ''.3( 1 -;7.),,k .  06-1 — 0.0 1 

1 hour TOC 3 i I-30 - D')  

2 hour TOC q. 31 1,3v i. 	oc-\  

24 hour TOC '57, 37 j?),(;1.D3 - 0-0k6 h'tr, 0 7 	5 

Static Water Level'. 	7, m Measured by: 4 

ii:4 

1 

Attachment 3. Piezometer Response Test Data Form 

1 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

/2- /5—  1-.7 	 • 

PIEZ. ID: f 	94, 0 eso- 

LOCATION: Big Bend Dam, SD. Depth of Piez: 	rci. OP 

Monitoring  Instrument: 	30L,z,N tell- 

 
., 	f e eJtv 	/7 4 p 

Weather: ,,,, 4,,,, & 5-  —fie 

I  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments:  aic7.-L /11 6r4z) (10,1-07710^-,' Sea'Arietir  
fttanCt, CU all 77112P: Guezz.. IJA..v  



1 
/1= 56 

Attachment 3. Piezometer Response Test Data Form 

1 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

/2.-  Ii; 	5-7 
PIEZ. ID: 6 	go kw. 

LOCATION: Big Bend Dam, SD. Depth of Piez: 3.Y.,  oy' 

Monitoring Instrument: 4c4.4.84-/ 	i j .1‘ 	frri,azis  Weather: 1̀44 	1:4-9714111  -72  e  '' 1.'.  • dj 	ea ,-1) 	nr 	"3-  

TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER 1  

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 2 Z$ izi2 q2- '— 

15 Sec TOC Z 5: 9.- l 3+. 	--, 1 , Ck 

30 Sec TOC 29-;  ? 13L1S-  , 01 0 1 

45 sec TOC 2 3 , 3 1:5Lk,,, La. 1 ,ik 

1 min TOC 22. 2 13-11. 0'2- 0 :li) 
2 min TOC / 	7 1350 , '81. ?;.. vo 

3 min TOC 16.5 135:; .22. 2 _Li 

4 min TOC /y-, g/ -f 1 354 (11 t. to Cl 

5 min TOC /2, 5-  1 ;51.22 2 .3‘ 

lo min TOC 1.00 13ipz. 72.. ; ,. 5 

15 min TOC 5.2_2- i 3kA, 6) 118 

1 
1 

5- 	"11  TOC 
0  20 min 

25 min TOC 1306 ,  = if) 
30 min TOC 'OA 
1 hour TOC I -.3i,15 3i 0 
2 hour TOC 1-36 

TOC 1-1 24 hour r. &k.2,:A (51 

cl
Measured by: Static Water Level 2: 	1--f 

I  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments: id../67-c_ r 	6cc !'e) 	/pit/ 	3-2,..-0,19?e 
/ 6•a3Te k4) 

A(e(7r(1?fr eivsi4) 	atik. 
/'L - 	. 



Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

/2- - /L.,  - q 7 

PIEZ. ID: 6 	G., ex) 	ie,s,  

LOCATION: Big Bend Dam, SD. Depth of Piez: 8-3_2. 6, 

Monitoring Instrument: 	406-_-/--,;5 4-  ,r-i m‘e/vds) Weather:  Le71.41, 	.e./.4,1 1 ,  

el9e1°77 I.4.0 I Id: 5 

I /1'2_5-  

TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 7 i7611 	< .- 

15 Sec TOC ? ? 1 V12- .qc-5 1,D 

30 Sec TOC 7‘,17) aCf ?). Is 02. 

45 sec TOC 7 	, 6 123 Y; 0 2, 

1 min TOC 2‘, t  5—  i2T3:30 0 . 4.,  

2 min TOC 25-, 5--  120H 4 o- t,1 

3 min TOC '79-, 3 1-2.615 GS 1,2. 

4 min TOC 2 3, / 12% . 'K) i 	2- 

5 min TOC 2 2,1 i2-61-1. '35 i 	0 
l 	,.  

min TOC G;q. 30 43D's5 	t:5 1. 5 

15 min TOC 67-2. /0 i 30,--r. (36 2-1 
20 min TOC -6-1 06 Flo,  

25 min TOG 531- S "0 t36 . 1-i-'''' 4 -S 
30 min TOC c4)  'COI  I 	6i . l'-c, LI .0 

1 hour TOC 2/. (v° 1340 , 3 /  2.0 - el 

2 hour TOC 14. 5 .361:3 361 I S' 04 
24 hour TOC 41 .11 .?) 1754, 	.5-z- I° - k3 i3 :LS 	( 5'1) 

Static Water Level 2: 	Li, Lib Measured by: 
All measurements in 0.01 feet. 
Static water level recorcle0 prior to piezometer rehabilitation. 

Additional Comments:  .alet 	Z-ioc.4 (1)4,0 77c . 	".11/4 / y ?.crii-z)  
tz 	 1 th sff 	.4 	1,01' ev 	 rrz=: , 	Prrere 

05/0/) pe.00i  

ar 



TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 3 , so 1 -32:5, 15 - 

15 Sec TOC 9-17  26 1325 , 19 a ()Li 

30 Sec TOC V3 7 etc 1525 , 2,1 o • 0 'L 

45 sec TOC 1,3,70 t2,6.5 25 0 0Li 

1 min TOC V3 70 I 3-25, 2.5 b 

2 min TOC .  , 3 6 0 1325 .3-5 0 	1 

3 min TOC et3, 52 1325--13 0  - 0 6  

4 min TOC 40. 4-/- , I ;52-6-. 4V1 0. 0 u' 

5 min TOC y-3.37 t 2;25 , 5 ip  0 ol 

10 min TOC 4/3 (X) 135, 415 Q . 39 

15 min TOC L-.\12 ;  1 32.6 . 7.., 0 ,  --; 5 

20 min TOC ;1.2_ 2 j 13z6 . 44,.. o - TA 

4R min TOC kA \ -145 132_1, 2,0 0-512  

30 min TOC i-11 - 5 0 1 3-2?, Lis- b , 2..5 

1 hour TOC q ,/ S 1 32q , i 7 i 14 

2 hour TOC 3,6 ,v00 
k 

13?32 . 35 .3  - S 

24 hour TOC 4/ 74, 13tzi.L. tat Si .14 43 - '13 ( H 	  

Static Water Level 2: 	a . 2...)- 	■ c e ) Measured by: „„-V 

/ 7 

3 
/:17 

1 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 
/2- /5--  1 7  

PIEZ. ID: 6.. 580  joky_ 

LOCATION: Big Bend Dam, SD. Depth of Piez: 	-fa. & f3 
/ 

Monitoring  Instrument: 	50/0,,,54,  
0-77 -I 7, ce.2,04, ,)a's ..: 

Weather: 	0,,,,..„ ,,,,,..„, , s  

1  All measurements in 0.01 feet. 
Static water level recorded prior to piezometer rehabilitation. 

Additional Comments: 0.41eZ.6. /A/ ex& 11:9A 1) rri 0 A Al 	C /1 	441  at ,&i  D-D 	, 

CkSdal Lat9t.f.. 0-Y 3 ti c,_().viec" Oc.c.'741e- 

1 



/ 2:1/-0 

1 

Attachment 3. Piezometer Response Test Data Form 

PROJECT: Big Bend Piezometer Rehabilitation and 
Response Test 

DATE: 

/2 - /5— 97 

PIEZ. ID: 	& 680 RA 

LOCATION: Big Bend Dam, SD. Depth of Piez: 	Y'(. 73 

Monitoring Instrument: 	501.-0  i,51" 
etErvr i...vvp.,"--/, 	-2,,,,,,m,  

Weather: 	0,,,,,,,, 	i„,,,....a.., 

TIME 
MEASURE 

POINT 
DEPTH 

TO 
WATER' 

ELEV. 
W.L. 

RESPONSE 
(Change)' 

COMMENTS 

0 TOC 7 6, 00 '2.ci I . cv.--, 
15 Sec TOC 7 2 v-D i 2-Cl2 5`) 0.k4 

30 Sec TOC 7 7 , / 0 
..- 

i 212_ ,‘Is',7) a :24 

45 sec TOC 7 ‘ . 6, 5— 12..q Es 3o 0 , 46 

1 min TOC  ‘r.  3 .2_ 1 2q3. k.„).2., O - 33 

2 min TOC -
2
79: 31  12ev.;, LA j,0% 

3 min TOC 7), z2 12s11.0„ 13 1 . 01 

4 min TOC 7/ 7 ,12q5. 149 1 	Li 5 

5 min TOC 70. 22 i 2cfci , -13 t .57 
10 min TOC ,3. ot is-A„ .Cji4 1 ‘ 2. I 

15 min TOC 5'?, 30 1314., IA 5.11 

20 min TOC 57, 3C_, 131,6,6- 1 6 . Li A 
25 min T°C  1-/ --.2 5-  I -524 10   6,  SI 

30 min TOC - 1/ 2 ,1 41-4 563"' 4') 	, ..3G 

1 hour TOC .-. i'' i 'Lk-1 ,  6 1 CI .?.16.  

2 hour TOC 6 69 i3i.93 Ae 16 , 6 iv 

24 hour TOC 4 ' 93  12--k)5,o1- i C - 63 8.2.18 rr-.) 

Static Water Level 2: _ 	L-f f  'i 3 Measured by: 
I  All measurements in 0.01 feet. 
2  Static water level recorded prior to piezometer rehabilitation. 

Additional Comments:  i4/27-c 	&L 2) (0-0177 Oil FL USkierb 474 cal V010.  11449 
/10. 65  A.1/1-rLr7e a4r  

1 




