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1.0   Executive Summary 

Estabrook Park Dam is located on the Milwaukee River in the northeast corner of the City of Milwaukee, 
Milwaukee County, Wisconsin.  The dam features were built in the late 1930’s, with recent repairs 
performed in 1989.  The facility consists of three main structural features: 

• A gated spillway, approximately 220 feet long with eleven vertical slide gates, 
• A serpentine overflow spillway, approximately 562 feet long, with wood stoplog section, and 
• A line of 24 triangular shaped concrete ice guards or icebreakers, upstream of the gated 

spillway. 
  

With spillway gates closed, Estabrook Dam raises the impoundment water level by approximately five 
feet.  The gates have typically been closed from May to November each year, raising the impoundment 
across the summer.  The gates have been opened across the winter months, draining the reservoir.  
This keeps ice from overloading the gated spillway structure.  Currently, the gates are open and the 
reservoir is drained, per a WDNR directive for dam safety.  If repairs are made to the dam, including 
reinforcing the dam for ice loading, then the reservoir could be filled year-round. 

AECOM Technical Services, Inc. (AECOM) was contracted by Milwaukee County Department of 
Transportation and Public Works to evaluate the current structural condition of Estabrook Park Dam 
features.  This evaluation is an update to a prior structural evaluation performed by STS Consultants, 
Ltd. (STS) approximately four years ago.  That report is numbered 5-87996 and dated September 8, 
2006.  Note that STS joined AECOM in 2007, so while the company name has changed, it is essentially 
the same entity contracted for both studies. 

This 2010 report makes numerous references to the 2006 STS report.  The 2010 Report repeats the 
main features of the 2006 Report for ease of understanding, but does not repeat all details.  Both the 
2006 report and this 2010 update should be read to understand the structural evaluation findings behind 
the repair recommendations given within. 

This 2010 report discusses the current structural condition of the dam components.  It then discusses 
requirements for repairing deteriorated components and adding structural reinforcing to the gated 
spillway for ice loading conditions.  It also recommends continued Operations and Maintenance to keep 
the structures in good condition for the next 20 years.  Alternately, the County may decide to abandon 
the dam.  Results of this structural evaluation will be an important part of the decision process by 
Milwaukee County on which option, repair or abandonment, to pursue. 

The dam features remain in structurally fair to good condition (with the exception of two failed 
icebreakers).  No imminent failure of the dam is anticipated unless further concrete deterioration 
weakens the structure.  A dive inspection was performed in 2006 to evaluate possible scouring and 
undercutting of the dam structure.  The dam structures are founded on shallow bedrock.  No scouring or 
undercutting was found. 

Overall, the concrete and masonry structures are in weathered condition, typical for 70 year old concrete 
in a Wisconsin marine environment.  The 2006 STS Report outlined several repair recommendations to 
keep the structure in good, well maintained condition.  Those repair recommendations still apply in 2010, 
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with 4 more years of deterioration adding to the quantity of restoration required.  We also added a 
requirement to anchor the upstream side of the gated spillway to bedrock with grouted ties.  That allows 
for keeping the impoundment full across the winter without overloading the gated structure from lateral 
ice loading.  A summary of the recommended repairs is provided in the following table. 

 
Recommended Repairs 

Estabrook Dam 
Feature 

Repair Type 

Gated Spillway Remove and replace deteriorated concrete below water level at piers, +/- 

Gated Spillway Remove and replace deteriorated concrete above water level at  piers, 
bridge deck and walls 

Gated Spillway Repair the expansion joints at bridge deck and walls 

Gated Spillway Seal top of bridge deck to reduce penetration of water into concrete 

Gated Spillway Properly prepare and paint vertical steel gates and grease/lube operating 
components 

Gated Spillway Add grouted tie down anchors (steel)  into bedrock, upstream side of all 
piers, for winter ice loading if impoundment is not drained in the winter. 

Shoreline Add geofabric and riprap along eroding shoreline near gated spillway 

Overflow Spillway Repair/replace broken stoplogs and steel posts 

Overflow Spillway Patch deteriorated concrete at crest and tuckpoint joint between concrete 
and stone masonry facing 

Icebreakers Repair deteriorated concrete on tops and at water line.  Replace failed 
icebreaker and replace one leg of second icebreaker. 

Whole facility Develop and implement a log and debris cleanup program for all three 
dam features.  (Alternate - Consider new icebreaker design/layout to 
divert logs to north bank of river for ease of maintenance.) 
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2.0   Condition Evaluation 

The project consists of three distinct sections – the gated spillway, the serpentine overflow spillway and 
the triangular icebreakers upstream of the gated spillway.  These structures were given a preliminary 
inspection by Steven A. Elver, P.E., S.E., on June 25, 2010.  Follow up inspections were made by Steve 
Elver on August 12 and September 1, 2010, after a large flood occurred on July 22, 2010.  

2.1 Gated Spillway 

The gated dam section was more thoroughly inspected by Charles D. Dean, P.E. (structural engineer) 
on Tuesday, July 6, 2010 and Thursday, July 8, 2010.  In addition, on Thursday, July 8, 2010, a two-
man non-destructive testing crew was on site to perform ultrasonic pulse velocity testing on selected 
piers.  The weather conditions on both days were sunny with temperatures around 90 degrees 
Fahrenheit. At the time of our field inspections, the gates were in the up position and the water level 
flowing through the gated section was approximately 1.5 to 2.0 feet deep (Approximate Elevation 
+30.75). The orientation of the structure is described as left to right, as viewed from the upstream side of 
the dam in the direction of water flow. 

Existing conditions of the structure were documented on copies of the 2006 STS Report Existing 
Condition Elevation Views.  In this manner, we were able to determine if the current deterioration was 
the same as, or worse than, the conditions observed four years ago.  These elevation views are 
included in Appendix A to this report.  

2.1.1 Left Abutment 

The left abutment walls were in overall fair condition.  The walls at the left end near the pedestrian gate 
exhibited cracking, efflorescence and spalling.  Efflorescence is a whitish deposit left on the surface from 
water flowing through cracks in the concrete and evaporating on the surface.  Spalling is the cracking 
and falling off  of the concrete surface from the concrete substrate behind. The spalling was more 
frequent near the ground line and at the top of the walls. Both abutment walls running left to right have 
cracks and spalls at the top of the walls and above stair treads on the inside face of the walls. Concrete 
disintegration, due to freeze thaw damage, was present at all of the stairs. The right side of the abutment 
pier exhibited widespread cracking and efflorescence, in addition to delaminations on the upstream side 
of the pier above Elevation 37.75 feet and spalling on the downstream side of the pier below Elevation 
34.0 feet.  Delaminations are defined as spalls that have not detached from the substrate yet. 

2.1.2 Right Abutment 

The right abutment walls were in overall fair condition with several areas of observed deterioration. 
The walls at the right end of the abutment near the pedestrian gate exhibited cracking, efflorescence 
and isolated spalling.  Both abutment walls, running left to right, were cracked and spalled at the top of 
the walls.  Concrete disintegration, due to freeze-thaw damage, was present at the top six stair 
nosings.  The downstream right side of the abutment pier exhibited cracking with efflorescence above 
elevation 34.00.  The left side of the abutment pier has exposed reinforcing steel below concrete 
patch spalls on the downstream side of the pier.  Both exposed walls on the left side of the pier were 
cracked, delaminated and had efflorescence on the concrete surface. Map cracking and 
delaminations were observed at the top of the stairs. 
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2.1.3 Expansion Joints 

Expansion joints were installed in the operating bridge over pier Nos. 1, 4, 8 and 11 (piers are numbered 
sequentially from left to right as shown on Figure 1 in Appendix A).  They are called Joint Numbers 1, 2, 
3 and 4, accordingly.  Asphalt board type filler was placed in the expansion joints. The filler material was 
squeezed out of the joints at most locations. The board type joint filler was also in place in the bridge 
deck portion of the joint, but at two bridge deck expansion joints, it was missing. 

 

2.1.4 Operating Bridge Walls 

In general, the operating bridge walls were in fair condition.  The operating bridge walls were rotated 
from the vertical position.  The left wall section at Pier P1 and the right wall section at P11, extending 
from Elevation 37.75 to 49.00 feet, had approximately 1-inch outward displacement at the top relative to 
the adjacent wall.  Similar conditions were observed at Piers P4 and P8, except the outward 
displacement ranged from 3/4 to 1-inch at the top of the adjacent walls.  

 

2.1.4.1 Upstream Operating Bridge Wall 

The upstream operating bridge wall was generally in fair condition with isolated areas of deterioration. 
Cracking was typically observed at the top and bottom of the walls.  Vertical cracking, full height of the 
wall, was observed near Pier P2.  Isolated delaminations, with or without exposed reinforcing, were 
observed on the inside face of the wall.  The concrete was disintegrating at the top of the wall at Pier P1. 
Cracking, efflorescence and isolated areas of disintegration of concrete were observed on the 
downstream face of the wall at the right abutment. 

2.1.4.2 Downstream Operating Bridge Wall 

The downstream operating bridge wall was generally in fair condition with isolated areas of deterioration. 
Cracking was typically observed at the top and bottom of the walls.  Vertical cracking, full height of the 
wall, was observed along the downstream face of the wall.  Isolated delaminations, with or without 
exposed reinforcing, were observed on the inside face of the wall.  The concrete was disintegrating at 
the top of the wall at Pier P1.  Cracking, efflorescence and isolated areas of concrete disintegration were 
observed on the upstream face of the wall.  

2.1.5 Operating Bridge Deck 

The operating bridge deck appeared in overall fair to good condition, with isolated areas of topside and 
underside deterioration. The topside of the deck was surveyed by dragging a chain and tapping with a 
geologist’s hammer. These “sounding methods” help identify areas of delaminated concrete, which 
sound duller than adjacent, sound areas.  Isolated areas of delaminated or disintegrating concrete were 
identified on the topside of the bridge deck. The areas of distress were noted as follows: 

• Left of expansion joint No. 4, Pier 11 (same as in 2006), 
• Right of the expansion joint 1 at Pier 1 (includes spalling) and 3 feet to the right of the joint, 
• At previous locations of gate hoist bases for gates 5 to 7, and 
• Deck above Pier P5. 

Cracking was observed on the top side of the deck near joint Nos. 2 and 4 and at isolated locations on 
the underside of the deck (viewed from below). The underside surface of the deck was wet at locations 
of through deck penetrations.  Isolated spalling, with exposed reinforcing steel, was observed along the 
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downstream side from below.  Refer to Field Notes in Appendix A for locations of distress observed on 
the underside of the deck. 

2.1.6 Gate Hoist Blocks  

The gate hoist blocks on the topside of the deck appeared in overall fair to good condition, with 
isolated blocks experiencing deterioration. The left block for Gate 1 was disintegrating with exposed 
reinforcing steel.  The block at Gate 2 was spalled with exposed reinforcing steel. Cracking was 
observed in the blocks for Gates 5, 6 and 10. 

2.1.7 Piers 

The bridge deck and steel gates are supported by vertical concrete piers, numbered 1 to 11, left to 
right.  The piers appeared in fair to good condition above elevation 37.75 and generally in poor 
condition below elevation 37.75.  Full pool water level is at Elevation 36.00 Feet.  Refer to 
Photographs in Appendix B and Figures 1 through 24 in Appendix A.  The sides of the piers are 
labeled left and right as viewed from upstream.  All reachable areas were acoustically sounded with a 
geologist’s hammer.  Widespread surface repairs below elevation 37.75 have separated from the 
original concrete substrate and were delaminated, spalled or cracked.  More recently applied surface 
repair material (gunite) was soft and could be scratched easily with light pressure on a screw driver.  
Isolated concrete delamination was identified on certain vertical faces, approximately 2 to 3 feet above 
elevation 37.75.  Vertical cracking and map cracking, with efflorescence, observed on the vertical 
sections of the piers.  Map cracking is defined as random, interconnecting cracks as if roads on a 
map. 

The visual and sounding survey was supplemented by limited destructive testing (concrete core 
sampling) and non-destructive testing (ultrasonic pulse velocity) to help determine the quality of 
concrete in the piers. 

2.2 Limited Non-Destructive Testing of the Gated Spillway 

2.2.1 Evaluation Procedure 

The Ultrasonic Pulse Velocity (UPV) method was used to evaluate the quality of pier concrete, per 
ASTM Standard C-597.  The velocity of an ultrasonic pulse through concrete is a function of the 
modulus and density of the material, and is, therefore, a guide to concrete quality.  Where multiple 
measurements are performed at different locations on a concrete element, comparison of the data 
provides an assessment of concrete uniformity. 

The UPV test equipment consists of two piezoelectric transducers, a transmitter and a receiver, 
connected to an electronic pulse generation and timing system. The two transducers are applied to 
the surface of the concrete.  A control system generates an electrical impulse that causes the 
transmitter to emit a pulse of ultrasound that propagates through the concrete to the receiver. The 
control system measures the time taken for the pulse to travel through the concrete. If the distance 
between the two transducers is known, then the velocity of the pulse can be calculated. 

There are three possible geometries for UPV measurements: 

• Indirect transmission, where both transducers are on the same face of the element being 
tested, spaced some distance apart. 
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• Semi-direct transmission, where the two transducers are on adjoining faces of the element 
being tested, such as across a corner. 

• Direct transmission, where the two transducers are on opposite, parallel faces of the element 
being tested. 

We used the direct transmission method, with transmitter on one side of the pier and receiver on the 
other.  This is a more accurate method than the indirect or semi-direct methods. 

2.2.2 Test Locations 

Six concrete piers were selected to be tested by UPV (P3, P6, P7, P8, P9 and P10).  These locations 
were selected randomly among the piers without debris blocking access for our crew.  A 1-foot by 1-
foot grid was marked in a 4-foot by 4-foot area on the left and right face of each pier.  Refer to Figure 
Nos. 2 and 3 for locations and grid pattern.  We were only able to take UPV measurements at 
selected points within some grid patterns because of soft, delaminated surface repair material 
interfering with good contact of our probes. 

Measurements were performed between the left and right face of the selected piers, using direct 
transmission through the piers. 

2.2.3 UPV Test Results 

The calculated UPV values are listed in Table D1, Appendix C.  For ease of evaluation, the calculated 
UPV values have been summarized graphically. 

A velocity of 10,000 ft/sec is approximately equivalent to 3,000 psi normal weight concrete.  Original 
concrete compressive design strength for the piers is 3,000 pounds per square inch (psi), per the 
original construction documents circa 1939.  Values obtained on site varied above and below this 
amount. 

UPV field test results were inconsistent from point to point, mainly due to the irregular shotcrete 
surface and interior voids at many locations.  Table 2, Appendix C, listed the locations and values 
where results could be obtained.  Where results were obtained, the concrete varied from fair to good 
in quality.  Mixing these readings with the locations where readings were not obtainable, the average 
pier varied from poor to good, depending on exact spot of inquiry.  Results were inconsistent, 
suggesting a varying degree of deterioration within each grid tested. 

2.3 Material Testing and Results 

We extracted twelve (12), 3.5-inch nominal diameter, concrete cores from six gated spillway piers.  
These core samples were taken to our Vernon Hills, Illinois Material Testing Laboratory for concrete 
compressive strength testing and correlation to UPV field results.  The core locations were chosen on 
the basis of variety from poor to good appearing concrete in accessible locations (no log debris).  A set 
of two cores (one vertically and one horizontally) were extracted from six concrete piers (P1, P4, P7, P9 
and P11) per American Society for Testing and Materials (ASTM) C-42.  Refer to Figures 1 and 2 for 
location of cores.  The concrete cores were photographed and properly prepared for compressive 
strength testing. 

All concrete core samples came out less than whole, with inherent cracks and/or concrete deterioration 
present.  Refer to Photographs in Appendix B.  The concrete in core Nos. C-3 (V) and C-3A (H) mainly 
consisted of gunite concrete repair material.  The remainder of the concrete in these two cores appeared 
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to be original concrete and came out as rubble.  Full-depth and partial depth cracking was observed in 
Cores C-2A, C-5, C-6 and C-6A.  This type of cracking is possibly caused by alkali-silica reactivity 
(ASR).  ASR is the reaction between high-alkali cement, aggregate and water.  The introduction and 
uptake of water by the alkali-silica reaction produces a gel like material around the aggregate which 
causes the concrete to swell.  This generates expansive, tensile stresses that lead to the formation of 
fine cracks in the concrete.  Another possible cause of the observed cracking is exposure to many 
cycles of freezing and thawing for concrete that most likely does not include air-entrainment. 

We were able to perform concrete compressive strength testing (per ASTM C42) on 8 of the 12 cores 
extracted.  The remaining four cores could not be tested because of short piece length due to cracking 
or deterioration.  The following is a summary of the compressive strength results. 

 
Table 1: Summary of Compressive Strength Testing Results 

Core ID Location 
(Pier No.) 

Compressive 
Strength (psi) 

C-1A(H) P1 (rubble) 
C-1(V) P1 12,140 

C-2A(H) P3 5,440 
C2(V) P3 (cracked) 

C3A(H) P4 (rubble) 
C-3(V) P4 6,770 
C-4(V) P7 6,500 

C-4A(H) P7 7,830 
C-5(V) P9 4,190 

C-5A(H) P9 4,720 
C6A(H) P11 (cracked) 
C-6(V) P11 3,080 

Notes: 
(V) – Cores extracted vertically from topside of Pier 
(H) – Cores extracted horizontally from vertical face of Pier 

 

2.4 Gates 

Gate Numbers 1 through 10, left to right, are equipped with electrically operated steel slide gates.  
These gates and pier gate slots were rehabilitated in 1989. The gates were in the up (open) position 
during our survey.  The gates have a steel face plate connected to horizontal structural steel beams.  
The gates had widespread uniform surface corrosion. The gate guides and side seals appeared in fair to 
good condition, with surface corrosion on the bolts and channels of the guides.  The gates were not 
operated as part of this structural evaluation. 

2.5 Upstream and Downstream River Banks 

There is minor erosion and undercutting along the riverbanks downstream of the gated spillway.  There 
is some minor undercutting along the banks upstream of the gated spillway structure, to the icebreakers 
along the left and right banks. 
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2.6 Scour Evaluation 

The dam features are founded on shallow bedrock.  An underwater dive survey was performed on these 
structures as part of the 2006 Condition Survey.  No undercutting of the structure or scour of the bedrock 
was found during the 2006 Survey.  We did not perform an updated underwater dive survey as part of 
this 2010 Evaluation.  We saw no evidence of undercutting or scour from above the water during our 
recent survey and do not expect that the bedrock has deteriorated noticeably since the 2006 survey. 

2.7 Overflow Weir Spillway Section 

The overflow spillway section is a serpentine shape approximately 562 feet long.  There are 
approximately 87 feet of timber stoplogs in the overflow spillway, supported by built-up steel posts 
socketed into concrete.  On the upstream side of the stoplog section only, loose masonry is placed 
rubble style on a 1 to 1 slope, with a 4 inch thick, reinforced concrete topping.  

The spillway is a vertical wall concrete dam socketed and doweled into bedrock.  The top two feet of the 
wall, upstream side, is tapered at a 45 degree angle.  This angle aids in releasing any ice forces as 
expanding ice would slide up the wall instead.  On the downstream side, the masonry is laid up with 
grout and creates an aesthetic facing for water flowing over the spillway.  Per original construction 
drawings, there are 5 levels of reinforcing steel rods, spaced at 2 feet on center horizontally, to tie the 
masonry and concrete sections together. 

There was a massive accumulation of woody debris and miscellaneous trash upstream of the overflow 
spillway.  Most of this logjam washed downstream during a large rainstorm on July 22, 2010.  Currently, 
there are no regular plans for removing woody debris and other objects from this overflow spillway area, 
which is hard to access from the north shore of the river.  The south shore, adjacent to the overflow 
spillway, is owned by a private entity.  We recommend the County study and implement measures to 
periodically remove this debris. 

The recent flood of July 22, 2010 exposed the upstream face and crest of the overflow spillway, which 
aided in our visual evaluation.  Areas of the overflow spillway needing rehabilitation are limited in area 
and do not extend into the sediment upstream of the crest.  

The overflow spillway section appeared in generally good condition, with localized areas of deterioration.  
There has been some concrete crest deterioration and loss of masonry on the downstream face.  The 
top row of horizontal reinforcing steel in the concrete crest is exposed in several locations.  The 
horizontal joint between the top of the masonry and top of concrete has weathered, leaving an open 
joint.  Weathering of masonry stone is particularly evident at the flashboard section, where flows are 
concentrated.  However, the loss of masonry material is not considered sufficient to negatively impact 
the overall section stability. 

The overflow spillway concrete section is socketed into bedrock a minimum of 20 inches, with doweled-
in reinforcing steel into bedrock.  The dowels are 1 ¼ inch square bars, spaced at 14 inches on center 
and 5 foot six inches long (below the 20 inch trench socketing the concrete into the bedrock).  The 
overflow section is broad with low hydraulic head.  Stability of the section was not considered an issue in 
our 2006 Report, but has been analyzed in 2010 per WDNR request.  See Section 3.0 of this report. 

The flashboards were damaged during the July 2010 food, as seen in the photographs, Appendix B.  
Recent plans include removing the remaining flashboards for the winter and reconstructing them when 
the dam is rehabilitated.  The concrete foundation at stoplog steel supports was observed in good 
condition, but may need spot rehabilitation within 10-20 years. 
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The foundation bedrock was visible along the entire length of the overflow spillway downstream toe.  No 
scour holes or undermining of the overflow spillway was evident. 

The right and left masonry abutments were in good condition.  There is no evidence of visible seepage 
or erosion. 
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3.0   Stability Analysis of Spillways 

3.1 Introduction  

A structural stability analysis was performed for the gated spillway structure as part of the 2006 structural 
evaluation.  As a result of that report, STS recommended use of grouted tie-down anchors in the 
upstream pier extensions.  This was due to inadequate Factor of Safety under full impoundment with full 
ice loading, a condition that would exist in only the harshest winters with the pond full.  The overflow 
spillway was not analyzed as part of the 2006 report, since it was deemed stable by engineering 
judgement.  Per the WDNR Order, we have analyzed the overflow spillway at this time and include the 
results below. 

3.2 Methodology 

The stability of both the gated spillway and the overflow spillway has been evaluated using the standard 
shear friction factor of safety method.  We followed the same procedures used in the 2006 Evaluation, 
namely the U. S. Army Corps of Engineers  Guideline EM 1110-2-2200, Gravity Dam Design, as well as 
the Federal Energy Regulatory Commission (FERC) Engineering Guidelines for the Evaluation of 
Hydropower Projects, Chapter 3 – Gravity Dams.  A conservative, two-dimensional analysis was 
performed for both structures. 
 

3.3 Material Properties  

The same material properties were used for this evaluation as was used in the 2006 report for the Gated 
Spillway Evaluation.  For the overflow spillway evaluation, we also used masonry density at 120 pcf. 
 
 

Table 2-1 
Summary of Material Properties for Stability Analysis of the Gated Spillway 

 
Analysis Properties Details 

Concrete Unit Weight 150 pcf 
Concrete Compressive Strength 3,000 psi 
Concrete Tensile Strength 150 psi 
Concrete Shear Strength 109 psi 
Allowable Bedrock Contact Pressure 420 psi 
Uplift Pressure Linear between full headwater/tail water pressure 
 

3.4 Key Lateral Dimensions 

Key dimension for the dam section were taken from project drawings. 
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3.5 Summary Table Computed Factors of Safety and Minimum Required Values 

Computations for each loading case are included in Appendix D.  The results are summarized as 
follows: 

 
Table 2-2 Summary of Structure Stability Analyses – 2010 Update 

 
Section/Case 
Description 

Sliding Factor of Safety Overturning 
Resultant w/in 
Middle Third or 

Middle Half? 

  
Required* Computed 

GATED SPILLWAY WITH 80 KIP TIE DOWN ANCHORS IN PIERS 
1. Normal Pool 2.0 6.02 Yes – O K. 

2a. Normal Pool with Ice** 1.7 1.7 Yes – O K 

OVERFLOW SPILLWAY 
1. Normal Pool 2.0 *** *** 

2a. Normal Pool with Ice 1.7 >8.3 Yes 

 
  * Minimum recommended factor safety, U.S. Army Corps of Engineers (EM 1110-2-2200, 1995) 

  ** 5000 lb/lf ice loading assumed per FERC Guidelines for Gravity Dams (2002) 

  *** By Inspection, Load Case 2a controls overflow spillway analysis.  Load Case 1 stable. 

3.6 Conclusions 

The existing gated spillway section is structurally adequate under normal pool conditions, unless ice 
loading is added.  Currently, the pool is drained and flows freely through the winter months, so it remains 
stable with that operating requirement.  To keep the pool full during the winter months, structural tie 
down reinforcing will be required to keep acceptable Factors of Safety for that higher loading condition.  
One structural tie down will be placed in each pier, upstream extension, approximately 2 feet from the 
face of the vertical dam wall.  The tie downs will be anchored into bedrock deep enough to provide 
80,000 pounds (80 kips) of hold down force.  Exact design to be determined based on rock testing and 
material specifications. 

The overflow spillway is structurally stable under all loading conditions.  Its serpentine shape aids in its 
structural stability beyond the two dimensional (straight line) analysis performed for this evaluation. 
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4.0   Repair Recommendations 

In general, the structural elements of Estabrook Dam are in fair condition and, with preventive 
maintenance, can likely remain in-service for 20 years.  In our opinion, there were no deficiencies 
identified during our study which were of immediate concern to dam safety.  Furthermore, the dam is 
under a drawdown order, so it is not loaded at this time.  If the County decides to repair the dam, we 
expect it would be done in stages, with the gated spillway and icebreakers done at one time, and the 
overflow spillway done before or after that.  We expect that the river would be cofferdammed upstream 
and downstream of this construction to allow work in the dry. 

Should the County decide to remove the dam instead of repairing it, we envision similar cofferdamming 
during demolition activities.  The extent of structure removal would need to be discussed with WDNR.  
An evaluation of dam abandonment was not part of this scope of services, but is an option open to the 
County. 

If the County decides to rehabilitate the dam, money should also be set aside for annual Operations and 
Maintenance of the facility.  To achieve a 20 year life for the repaired structure will require regular 
maintenance, including debris removal and shoreline maintenance. 

A number of repair items are recommended to ensure safe operations of the dam.  Concrete repairs, 
which incorporate the majority of our repair recommendations, should be performed by experienced 
concrete repair contractors using industry standard repair techniques.  Such repairs would follow 
guidelines of the International Concrete Repair Institute (ICRI) and the American Concrete Institute 
(ACI).  A full set of repair documents, consisting of plans and specifications, will need to be prepared for 
this work. 

Our repair recommendations are summarized by structure as follows. 

4.1 Gated Spillway 

4.1.1 Abutments 

Most elements of both dam abutments are showing signs of their age, including walls, stairs and piers. 
Final repair recommendations will include removal of deteriorated concrete to sound substrate, then 
filling back with structural concrete patch material.  Reinforcing dowels will be recommended to connect 
patch material to substrate for thicker patches. 

4.1.2 Expansion Joints and Operating Bridge Walls 

The rotation of the operating bridge walls appear to be driven by ingress of moisture and progressive 
freeze-thaw cycles between overlapping sections of the bridge wall.  The magnitude of the wall rotation 
appears symmetrical about the left/right center of the dam, with greater rotation occurring on the wall 
that overlaps the expansion joint. The freeze-thaw phenomenon also explains why the asphalt board 
joint material was displaced out of the joint, toward the center of the operating bridge –path of least 
resistance is the side of the joint without concrete. 
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The expansion joints appear to be moving in excess of the joint’s intended design (joint widths close 
75% from design joint width in winter months). We expect, and as evidenced by the concrete 
disintegration around the joint, that the joint closes further in warmer months.  Deterioration around the 
joint will continue as fractured concrete and debris that has fallen into the joint in the cooler months 
serves as a mechanism to fracture ”sound” concrete around the joint.  

AECOM recommends that the County replace the joint material in all expansion joints, implement 
measures to prevent water ingress into the joints by sealing the joints and monitor rotation of the walls at 
expansion joints. Expansion Joint Number 1 should be repaired and possibly retrofitted with a joint 
system capable of accommodating all the expansion and contraction from the leftmost 46.25 feet of the 
operation bridge.  

We also recommend that the County address locations of the bridge wall cracking, disintegration and 
spalling by implementing routing and sealing of cracks and partial depth repair of spalls on the spillway 
bridge walls to prevent further deterioration. 

4.1.3 Operating Bridge Deck 

The operating bridge deck between the right abutment and pier P1 is severely deteriorated, 
experiencing cracking, delaminations, and disintegration. The topside deterioration does not appear to 
have advanced to the bottom of the deck. However, if left unattended, the deterioration will likely 
manifest through the full thickness of the deck.  

AECOM recommends that the County repair the concrete deterioration by performing partial depth 
repairs of the operation deck between the right abutment and Pier 1 and at isolated deteriorated areas 
across the remainder of the deck. 

4.1.4 Piers  

With the exception of Pier P1 and Pier 11, the portion of the piers above elevation 37.75 appear to be in 
overall fair condition and may not need extensive patching, based on this condition assessment. Below 
elevation 37.75, the majority of the piers appear to have a combination of failed surface repairs, 
cracking, spalling and other decay. 

The cracking of an 8-inch wide portion of the pier between elevations 36.75 and 38.25 feet at Piers P1 
through P11 does not likely impact the strength and stability of the dam. It is unlikely that the cracks are 
caused by hydrostatic or ice loading on the dam, since the 8-inch wide element is above the normal pool 
level. The structure above the normal pool level serves to support the gate frames and operating deck.  
These cracks should be properly routed and sealed to prevent water ingress and deterioration. 

4.1.5 Gates and Hoists 

The gates appeared in overall fair condition for their age. We recommend the County install a pair of 
adequately sized drain holes in the web of the steel horizontal beams at each gate. While the gate skin 
plates and guide channels have a layer of surface rust, we did not observe significant loss of cross 
sectional areas.  

AECOM recommends that the gates and guide channels be abrasively grit blasted and re-painted with 
water-based urethane paint suitable for this application. No existing paint is visible on the gate surface 
so lead paint control should not be an issue. Abrasive grit blasting and painting can probably be 
performed most economically on the field as opposed to removal to an off-site shop. 
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4.1.6 Icebreakers 

The top of the tripod shaped concrete structures, as well as the legs at the low, winter water line, have 
deteriorated due to freeze-thaw action.  All deteriorated locations should be properly chipped to sound 
substrate and properly filled back to original dimensions with properly specified concrete patching 
material.  The collapsed tripod and the collapsed leg of the second tripod should be rebuilt, giving 
special care to check the condition of the reinforcing bars doweled into the bedrock for likely reuse.  
Loose steel angles on the edges of the tripod legs should be repaired or replaced during this project. 

4.2 Overflow Spillway 

4.2.1 Flashboard Section 

The stop logs and vertical steel support posts have been recently been removed by County Park 
Department employees for the winter.  We recommend these stoplogs be kept out of the spillway until 
the rehabilitation project is complete.  The vertical steel supports for the stoplogs should be checked for 
deterioration and primed/painted as deemed necessary. 

4.2.2 Regular Overflow Section 

The top of the concrete wall in the overflow spillway shows signs of localized spalling, with exposed 
reinforcing steel showing.  These areas should be properly prepared and patched with concrete to 
approximately original dimensions, aiming to provide proper concrete cover thickness over the 
reinforcing steel. 

The overflow dam masonry wall is generally in good condition, but needs spot tuckpointing in areas.  
There is mortar missing from the joint between the masonry and the concrete wall – probably due to 
ingress of water and progressive freezing and thawing over time. This joint should be tuckpointed to 
reduce ingress of water. 

We also recommend the regular removal of the accumulated woody debris upstream of the overflow 
section.  This will be part of the recommendations for sediment removal, a simultaneous project to the 
recommended dam repair.  After initially removing the remaining debris at this time, a program and 
budget should be implemented to remove new debris on a periodic basis. 

4.3 Slope Protection  

There is minor erosion and undercutting along the right river bank downstream of the gated spillway. 
There is also some minor undercutting along the banks just upstream of the gated spillway along the left 
and right banks.  These areas should be properly prepared, covered with a suitable geotextile, then filled 
in with suitable sized riprap to prevent erosion. 

Trees and shrubs should be removed from the island between the dam sections and along the shore 
near the dam, to prevent erosion when they fall over and uproot.  Proper riprap should be placed at the 
normal pool water line. 

Consideration should be given for access above and below the dam for a canoe portage as well as for 
debris cleanup.  Proper materials should be specified for these paths / launches. 
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4.4 Dam Abandonment Option 

Although not addressed directly in this report, the WDNR Order for Drawdown allows for an option to 
abandon the dam.  The amount of existing structure to remove for dam abandonment and the amount 
of shoreline restoration will need to be agreed upon by the dam owner and regulatory agencies 
(WDNR).  The cost of dam abandonment could be evaluated once the extent of work is better known. 
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5.0   Opinion of Probable Construction Cost 

 



AECOM Cost Estimate - Estabrook Park Dam

Structural Repair Option - $1,500,000 Budget
9/28/2010      Note: This estimate does not include sediment removal, which is covered in a separate, environmental cost estimate.

Opinion of Probable Structural Project Costs

Client: Milwaukee County DPW

Address: 2711 West Wells St, Milwaukee, WI

Description Units Unit Cost Quantity Total Cost Comments

1.00 General

1.1 Mobilization / Demobilization ls $35,000.00 1 $35,000

segmental barge, small crane, incidental 

equipment

1.2 Erosion Control ls $4,000.00 1 $4,000 silt fence and turbidity barriers

1.3 Site Restoration ls $15,000.00 1 $15,000

repair pavements, grading, seeding and 

mulching

1.4 Diversion of water ls $25,000.00 1 $25,000

Porta-dam installation during pier repairs, 

with stoplogs removed on overflow spillway

2.00 Gated Spillway - Concrete Repairs

2.01

Concrete surface repairs - abutments and 

stairs sf $75.00 700 $52,500

reconstruct stairs, complete abutment 

surface reconstruction

2.02

Concrete surface repairs - bridge deck and 

walls sf $75.00 500 $37,500

partial depth repair of deck, partial to full 

depth repair of walls, sawcut closed 

expansion joints and replace joint material

2.03 Pier reconstruction - below el. 37.75 sf $90.00 2800 $252,000

complete surface reconstruction below el. 

37.75', all 11 piers

2.04 Concrete surface repairs - pier above el. 37.75 sf $75.00 800 $60,000

partial depth repair above el. 37.75 as 

needed, all 11 piers

2.05

Install  grouted tie down anchors in upstream 

piers, for stability with ice loading at full pool ls $300,000.00 1 $300,000

Includes 11 tie down anchors into bedrock, 

with mobilization

3.00 Gated Spillway - Gate Repairs

3.01 Prepare and paint slide gates ea $3,500.00 10 $35,000

sandblast, prime and paint all 10 slide 

gates in place

3.02 Misc. repairs to gates, guides and seals ls $10,000.00 1 $10,000

as needed based upon inspection after 

cleaning

4.00 Ice Breakers - Concrete Repairs

4.01 Concrete surface repairs ea $3,500.00 24 $84,000

chip, install anchors, polymer modified 

concrete, incl. replacing 1 and 1/3 ice 

breakers

5.00 Overflow Spillway 

5.01 New flashboards ls $1,000.00 1 $1,000

4"x8"x7'4" timber, recently replaced with 

new ones - budget for stockpile of new 

ones

5.02 Repair / replace bent supports ls $2,000.00 1 $2,000 assume 4 to be repaired

5.03 Concrete surface repairs sf $75.00 500 $37,500

chipping, anchors, and polymer modified 

concrete repair of crest

6.00 Slope Protection

6.01 Riprap cy $70.00 600 $42,000

24" layer of riprap, left and right banks u/s 

and d/s of gated spillway

6.02 Geotextile sy $3.00 1,600 $4,800

7.00 Debris Removal ls $25,000.00 1 $25,000

upstream of gated spillway and ice 

breakers, not incl. environmental cleanup 

area

8.00 Miscellaneous

8.01 Repair / replace handrails, fences, gates, etc. ls $5,000.00 1 $5,000

8.02 Misc. Site Electrical Work ls $15,000.00 1 $15,000 Per Milwaukee County recommendation

Construction Sub-Total: $1,042,300

Construction Contingency: 20% $208,460

Construction Estimate: $1,250,760

9.00 Engineering

9.01 Engineering design $115,000

9.02 Resident engineering and contract administration $80,000

9.03 Prepare EAP and IOM plans $15,000

Engineering Subtotal: $210,000

Engineering Contingency: 15% $31,500

Engineering Estimate: $241,500

Total Project Cost Estimate: $1,492,260

Information presented on this sheet represents our opinion of probable costs in 2010 dollars, based upon previous unit rates and quantities updated 

from the 2006 STS Cost Estimate.  Unit and lump-sum prices are based on costs for similar projects, our

engineering judgment, and/or published cost data.  Actual bids and total project costs may vary based on contractor's perceived risk, site

access, season, market conditions, etc.  No warranties concerning the accuracy of costs presented herein are expressed or implied.

Note: This rehabilitation estimate is to extend the life of the dam structures for 20 years, with some regular maintenance.  This estimate is for repairs of 

existing structural components only, not including the nearby transformer building.  Costs for replacement or remodeling of structures is not included.

K:\PROJECTS\60159452\Final\2010 repair cost estimate .xlsx
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Project Photographs 
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AECOM Project No. 60159452 
September 28,  2010  

 

July 6 and 8, 2010 Photographs 

 

 
Photo 1:  Upstream view of gated spillway structure of Estabrook Dam, gates open. 

 
Photo 2:  Downstream side of the gated spillway structure of Estabrook Dam, gates 

open. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 3:  View of the right side of the gated spillway structure. Note arrow pointing to 

the right abutment. 

 
Photo 4:  View of deterioration on the right abutment steps. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 5:  View of the downstream side wall at the right abutment. Note map cracking 

(arrow) and spalling of the wall. 

 
Photo 6:  View of the operating deck from the right abutment, looking north. 



Milwaukee County Department of Public Works, Estabrook Dam 
AECOM Project No. 60159452 
September 28,  2010  

 

July 6 and 8, 2010 Photographs 

 

 
Photo 7:  View of the expansion joint in the operating deck at Pier 1.  Note joint material 

extending outward from joint at wall (right) and spalling at the joint (arrow). 

 
Photo 8:  Typical spall of the operating bridge wall (arrow) and expansion joint filler 

material squeezed outward from the joint. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 9:  View of concrete deterioration on pedestal and disintegration of concrete of 

the operating deck and gate hoist block at Pier 1. 

 
Photo 10:  View of the underside of operating bridge deck (arrows) with water staining 

and isolated spalls with exposed reinforcing steel. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 11:  View of the separation of wall from Pier 1 facing (see photo 12) and white 

efflorescence at cracks of the operation bridge walls.  

 
Photo 12:  Concrete disintegration and Pier 1 separation at the operating bridge wall, 

upstream side (see photo 11). 
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July 6 and 8, 2010 Photographs 

 

 
Photo 13:  View of efflorescence and exposed reinforcing steel (arrow) of the left 

abutment. 

 
Photo 14:  View of the left abutment. Note disintegration of the top five stair nosings 

(arrow). 
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July 6 and 8, 2010 Photographs 

 

 
Photo 15:  Typical view of the upstream side of piers (Piers P4, P5 and P6). 

 
Photo 16:  Typical view of the downstream side of piers (Pier 9, 10 and 11, from right to 

left). 
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July 6 and 8, 2010 Photographs 

 

 
Photo 17:  Upstream side of Piers P1 and P2 (left to right). Note previous surface repair 

is failing on Pier P2. 

 
Photo 18:  Upstream side of Piers P3 to P5 (left to right). Note previous surface repair is 

failing on Pier P3. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 19:  Upstream side of Piers P6 to P8 (left to right). Note previous surface repair is 

failing on Pier P7 and wet surface on all three piers. 

 
Photo 20:  Upstream side of Piers P9 to P11 (left to right). Note previous surface repair 

is failing on Piers P9 and P10.  Wet surface observed on all three piers.   
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July 6 and 8, 2010 Photographs 

 

 
Photo 21: Typical view of failing surface repair at the upstream tip of pier (Pier P2). 

 
Photo 22: Typical view of the right side of Pier 7 with surface repair. Note blue chalk 

marks are UPV grid lay-out for testing and concrete core location (arrow). 
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July 6 and 8, 2010 Photographs 

 

 
Photo 23:  Typical view of the left side of piers, looking downstream, with minimal 

distress (Pier P6). 

 
Photo 24:  Typical view of the right side of piers, looking downstream, with 

disintegrating concrete and delaminated surface repairs (arrows) (Pier P6). 



Milwaukee County Department of Public Works, Estabrook Dam 
AECOM Project No. 60159452 
September 28,  2010  

 

July 6 and 8, 2010 Photographs 

 

 
Photo 25:  Severe erosion of pier with exposed reinforcing steel on Pier P5. 

 
Photo 26:  Typical view of cracking and efflorescence on the piers above Elevation 37.75’. 
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July 6 and 8, 2010 Photographs 

 

 

 

 
Photo 27: Map cracking at the downstream tip of Pier P6. 
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July 6 and 8, 2010 Photographs 

 

 

 

 

 

 

 
Photo 28:  View of disintegrated concrete on top and delaminated 

concrete on side, downstream tip of Pier P3. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 29:  Core C-1 extracted from top of pier at Elevation 37.75’, Pier 1. 

 
Photo 30:  View of Core C-1A, Pier 1.  The core broke apart during coring operations. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 31:  View of Core C-2A (arrows), Pier 3.  The core broke apart during coring 

operations. 

 
Photo 32: View of Core C-2 extracted from top of Pier 3 at Elevation 37.75’.  Core broke 

apart during coring operations. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 33:  View of Core C-3.  Note concrete above 9-inches is previous repair material. 

 
Photo 34:  View of Core C-3A (between arrows).  Note concrete for first 9-inches is 

previous repair material.  The remainder is original deteriorated concrete. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 35:  Core C-4 extracted from top down of Pier 7 at Elevation 37.75’. 

 
Photo 36:  View of Core C-4A; note on photo should read C-4A, Horizontal. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 37:  Core C-5 extracted from top down of Pier 9 at Elevation 37.75’. 

 
Photo 38:  View of Core C-5A.  Note cracking in the aggregate and cement paste. 
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July 6 and 8, 2010 Photographs 

 

 
Photo 39:  View of Core C-6A extracted from top of Pier 11 at Elevation 37.75’.  Note 

cracking in the aggregate and cement paste. 

 
Photo 40:  View of Core C-6A.  Note cracking in the aggregate and cement paste. 
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August 12, 2010 Photographs 

 

 

 
Photo 41: Typical condition of concrete ice breakers. 
 

 
Photo 42: Deteriorated top of ice breaker, typical. 
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August 12, 2010 Photographs 

 

 

 
Photo 43: Ice breakers act as “trash racks”.  Note missing ice breaker at arrow. 
 

 
Photo 44: View of ice breakers with spillway beyond. 
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June 25 and August 12, 2010 Photographs 

 

 

 
Photo 45: View of spillway at stoplog section, June 2010. 
 

 
Photo 46: View of spillway at stoplog section, after July 2010 flood.  Note bent wood 

stoplog post. 
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August 12, 2010 Photographs 

 

 

 
Photo 47: Close-up of bent stoplog post, see photo 44. 
 

 
Photo 48: Masonry facing on spillway near south shoreline. 
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August 12, 2010 Photographs 

 

 

 
Photo 49: Typical spillway cap condition.  Note weathering of long joint with masonry 

facing and spalling of concrete at arrow. 
 

 
Photo 50: Spalled concrete at spillway cap with exposed reinforcing steel.  Also note 

weathered mortar joint between concrete and masonry facing. 
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Appendix C 
 
Laboratory Data UPV, 
Compressive Strength 

  



Milwaukee County Department of Public Works

AECOM Project No. 60159452

C1 5.250 25.6 17090 12,140

C2A 4.250 37.5 9444 5440

C3 5.250 28.7 15244 6770

C4 4.500 25.8 14535 6500

C4A 5.000 28.6 14569 7830

C5 4.875 27.3 14881 4190

C5A 4.625 33.6 11471 4720

C6 5.000 41.6 10016 3080

Summary Key - 

Vertical Scale - Velocity, feet per second

Horizontal Scale - Grid locations on 6 piers, combined

See Figures 1 and 3, Appendix A

Note - spread of velocity data suggesting variability 

A0 44  -  -  -  -  -  -  -  -  -  -  -  - in piers at 12 inch grids horizontal and vertical

A1 44  -  -  -  -  -  -  -  -  -  -  -  - 

A2 44 536.9 6829  -  -  -  -  -  -  -  -  -  - Note - UPV Data not obtained at all grid locations,

A3 44 343.6 10671  -  -  -  -  -  -  -  -  -  - depending on surface roughness involved

A4 44  -  -  -  -  -  -  -  -  -  -  -  - 

B0 44  -  -  -  -  -  -  -  -  -  -  -  - 

B1 44 593.2 6181 305.6 11998  -  -  -  -  -  -  - 

B2 44 291.7 12570 813.6 4507  -  - 589.3 6222  -  - 701.0 5231

B3 44 425.2 8623 274.9 13338  -  - 482.6 7598 509.6 7195 583.4 6285

B4 44 313.7 11688 561.2 6534  -  - 279.3 13128 235.8 15550 274.4 13362

C0 44  -  -  -  -  -  -  -  -  -  - 292.6 12531

C1 44 491.9 7454  -  - 608.2 6029  -  -  -  - 255.7 14340

C2 44 417.8 8776 548.3 6687 664.3 5520 562.4 6520 234.6 15629

C3 44 295.6 12404 607.4 6037 0.0 304.8 12030 249.8 14678  -  - 

C4 44 258.7 14173 489.3 7494 496.5 7385 276.6 13256 229.9 15949  -  - 

D0 44  -  -  -  -  -  -  -  -  -  -  -  - 

D1 44  -  -  -  - 586.9 6248  -  -  -  -  -  - 

D2 44 301.9 12145 789.2 4646 695.2 5274 407.4 9000  -  - 292.6 12531

D3 44 620.3 5911 481.6 7614 732.4 5006 508.6 7209  -  -  -  - 

D4 44 278.4 13170 276.3 13271 254.9 14385 279.4 13123 226.1 16217  -  - 

E0 44  -  -  -  -  -  -  -  -  -  -  -  - 

E1 44  -  -  -  -  -  -  -  -  -  -  -  - 

E2 44 838.6 4372  -  -  -  -  -  -  -  - 301.6 12157

E3 44 507.4 7226  -  -  -  -  -  -  -  -  -  - 

E4 44 307.4 11928  -  - 257.2 14256  -  - 232.4 15777  -  - 

Table C - 1: UPV and Laboratory Test Results
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Number

Strength 

(psi)

Test 

Location

Table C - 2: Field UPV Test Results
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Appendix D 
 
Updated Structural 
Stability Analysis – 
Gated Spillway and 
Overflow Spillway 
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Appendix E 
 
Original 1937 
Construction and 1988 
Repair Drawings 
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Appendix F 
 
Wisconsin DNR Order 
to Repair or Abandon 
the Estabrook Dam 
 






































